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PREFACE TO THE THIRD EDITION 

K^o^\LFD^^ of tliL ^!ntom^ -xmX pli\siolop\ of the autonomic ncr%ous 
SI stem and its relation to liealth ami di^n'^c Ins been iintenalli ad\ anced, 
since ibe publication of tbc secontl cibtion of this book, b\ the findnif^s of 
mani in\ estimators Dit results obtained in experimental and clinical 
studies durmm the past decade ire pirtieuhrli significant since m main 
instances thc\ amphh the results of eirlicr iintoinic and plnsiolomic 
studies and thus pronde a more adtepnte basis for the interpretation of 
the normal functional actiMt\ of the lutononiic nerves and their modified 
activity in the presence of <Iiscasi Knowlcalpc of the structiiril and 
functional relationships of the eentrd autonomic centers pirticularK 
those ill the In pothalainus, an<l the eeiitr il conduction pathw a\ s associateil 
with the latter has been greitlv increasei! The influence of iinpuNcs of 
cortical orimm in the remulation of Msceril functions iiKo his been more 
complcteh demonstrated Nen <lat i obtainwl in histopathologic studies 
of autonomic gmglia and nerves have been reported but the histopath- 
ologic data a\ aihble do not afior<l an adequ ite b isis for the interpre- 
tation of all the xarntious oliscrxcil m terms of modifieil function 

In the preparation of the present volume an ittenipt has heeii made, 
on the basis of the results of both tlie earlv and the more recent studies, 
to describe the uitnnormc nervous svstem bnellv but adcquatelv as i 
component part of the nervous svstem as i whole ind m rel ition to the 
effector organs inncrv ated through the autoiionue nerv es to point out its 
developmental and generd phvsiologic rcl itionships to the cerchrospinal 
nervous system and to give an account of the more important histopatho- 
logic and clinical data beinng on the functional activitv of this division 
of the nervous svstem in disease 

Adequate consideration of all the anatomic phvsiologic histopathologic 
and clinical data bearing directh or indircctlj on the autonomic nervous 
svstem within the limits of a single volume would bo jmpossible It is 
extremelv difficult furthermore to present vll the significant findings in 
their true historical setting The temptation to give the most recent and 
best illustrated contributions undue weight is ever present Dus tends to 
create the impression that the latest and most detailed work is the most 
significant whereas in realitv the later findings have been made possible 
in a large measure b\ the original discoveries of earlier investigators 
The author desires to gis e due credit to the pioneer inv estigators, but 
space has not been adequate to set forth the complete historical back- 
ground of our present knowledge regarding man> phases of this important 
subject Some significant data have been omitted and some have been 

(5) 
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insioRic u IN rnoDi ci ion 

The ^vt'\l plivsiolof’ic'il functions of the ho(I\ m nil the Inslicr nnirmh 
including; m'ln nre subject to ncr\ons rcgiihtion in some degree Tins 
in\ol\es in'iinU reflex reactions of xirMiig degrees of comple\it\ ^^hIch 
arc carnetl out through afferent and efferent conduetion s\ stems and 
reflex and coordinating centers Peripheral reflex mechanisms hn\e 
been demonstrated, but the chief reflex and coordinating centers imohcd 
in the regulator^ control of tlie a isccral functions arc locatwl m tlic central 
nerNous b^stem The functional actnitics of these ncr%o«5 mechanisms 
arc essentmlh m\oluntar\ lint not independent of rcgulator\ influences 
emanating from the cerebral cortex All the neurons involved in the in- 
nervation of the visceral organs which art locatcil outside the central 
nerv ous sv stem, except tliose w Inch art afferent components of the cerebro- 
spinal nerves, are included iii the so-called autonomic ntrvous svstcin 
Ihis svstem also includes the neurons located witlnn tlic spinal cord and 
brain stem through which tlie outlvmg efferent neurons arc functionallv 
connected with the central nervous svstcin 
The earliest anatomical description of anv part of the autonomic nerv ous 
sv stem probablv is Galen s account of a nerv c trunk 1\ mg along the necks 
of the Tibs which leccives fibers from the thoracic and lumbar portions of 
the spinal cord and gives off branches to the viscera Galen regarded tlua 
nerve as a branch of the vagus and advanced the hv pothcMS that through 
It the Viscera receive sensitivitv from the brain and motor power from the 
spinal cord He obviouslv did not diffcrcnti ite the cervical portion of the 
svmpathetic trunk from the vagus lie observed tliree enlargements or 
ganglia, along the course of tlic nerve the first just above the hrviix, 
the second at the entrance of the nerve into the thorax and the third at 
its entrance into the abdomen 'llic upper enlargement described b\ 
Galen undoubtedK includes the nwlosc and the superior cervical svmpa- 
thetic ganglia Ihe one at tlie upper Imrdcr of the tliorax oln loiisK is the 
! inferior cervical or cervicothoraac ganglion The description of the one 
J at the entrance of the nerve into the abdomen probablv refers to the semi- 
( lunar ganglion of the celiac plexus 

1 Galen also advanced the first widclv accepted thcorv of “svinpathv” 
j or “consent ’ betw een different parts of the bodv lie rejected the teaching 
of Aristotle that the brain serv cs to cool the blood and attributed to it the 
k"" function of generating “animal spirits from the “vital’ spirits in the 
blood The peripheral nerv es w ere regarded as tubular structures through 
4 which the animal spirits are distributed It was further assumed that 
wherever peripheral nerves join one another communications are effected 
through which animal spirits mav flow freelv from one part of the bodv to 
another and thus bring about ‘svmpathv between various parts of the 
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GnknN dtHtnption of tin which hi rcRurelcd n-c tlic sixth jnirof 
tramnl tunes, x\ns •umpnlonsh rolhmt’tl hx nil thr «nri> nnntnrnuts 
inchuhtiR ^c•saluls, ninsnpuuth the f:niJt,lin!mlnl sMiipitlictic tnIn^ ami 
tlie\nf,us tune wm n girded ns n unit holli ntmtotnunllv nnd pli\siolo;'i 
cnll\ riu sxtnpitlulK trunk pmhihlv «ns first difTi rcntmttsl fnmi the 
MiRusnmc nimtomualU li\ I ticnm (r»l'») I tMnehio (I'l'ii) nlv»rccn 2 
m/cd the svinpatlu tu trunk UHnnutoiittcnliv distinrl from the xnRtu nme 
III latir illustntwl it as artsiiu, xMtlim tht. tmninm from the nluhicrm 
ncr\c, thus tinjdmsirniR tts stipposrdlv rcnhrd oncin Hits error uat 
not corrutecl until the pnhlii itmn of dii I’ctit s work in 17J7 
\\ tills (H)ld) tailed the RnnUtoitatisl sxmpntlutit tnink the "inter 
costal" iHTM a name which persisted until tin time of ^^Ulshn^ Hcnl'O 
mtrnihiusl tlu phNsioloftital court pi of mxohmtan as dustmet from 
\nhintarx mentments hot trroticoiisK nttnhnteti the imlntion of in- 
Nohmtarv nioMinints to the tcrthclhitii Ills nccoimt of a Imnch of the 
xafitis iur\( jsixtn off to tht arch of tlu aorta niulonhtediv ls the earliest 
rtfcrdiK to tlu dtprr'vor m r\» WiUis adxannsl the liXTuithesis tint thu 
ntnc naits to ilmiiKts m tht piikt lit also nnsfimretl the xnpts inner 
xation of tlu ht irt tus an imtHirtniit factor tn its rnnctioiml n'pilntnm hut 
discoNtnd no spitilu ruttion to viipis stimulation I hi observations 
of Ixiwtr (UiliO) on tlu cITiits t»f xnpis section nnd vapis stimulation on 
the heart lit it which were later amplified hv I ns (17r>) prtpircd the 
wav for the hna! cstahlishmiiit of tlu iiihihitorv nition of the vn^us nerve 
on till he irt hi it liv the < xpt riim ntn! stiidii's of \N lU r ami ibcr (1S40) 
Ihe ph\sio)oi,ic il conixpt of imoliintnrv and vohmtarx movements 
introducwl hv ^\ilhswaspr(allv t \U mlt'd hv Whvtt (17‘>1) Ills mterpre* 
tation of mvoluntnrv inovi mints on tlu basis of lot-il stumilntion marks 
the heRinmii^ of a m w trn tn phvsiolopcthoupht nnd m\i*stiRition since it 
affnrdisl a siinrt ha'sis for the thwrv of rcllix nction lit envisioned 
reictions hkt tlu pinstnltu. movimcnts of tin p istrt>-mle'<tmnl tract nnd 
contnutions of tlu uruinrv hlndiler as ri*sj>on>es of the mu'^culnturc to 
nerve stimulitioii due to loci! irritation of the mucous membnine or 
strctchinp of thi muscle fibin ihic to ilistintion of the organs The idea 
of reflex action was thus mtroiluteil in the nh^enci of nnv knowledge of 
reflex conduction pithwnvs \Mi\tts nppheition of this principle to 
explain the responses of the pupil to light constitutes the earliest known 
record of the light accommodation and consensu il reflexes He later 
(1765) adv ancotl the opinion that nil "svmpathv ’ or "consent ’ presupposes 
feeling and conscquentlv must Iw mediated through the nerves but not 
bv the flow of an\ suhst nice through anastomosing channels, since m 
inanv instances the svinpithv occurs between parts of the bodv whose 
nerves effect no connections with one another Svmpathv, therefore 
must be referred to the bram and spinal cord which are the source of all 
nerves Although he probahh had no adequate conception of nerve con 
deletion, he drew attention to nerve fibers ns functional units m contra 
distinction to the old<r concepts of anastomosing channels 
The erroneous conception of the origin of the intercostal nerve from 
the bram was corrected bv du Petit (1727) who pointed out on the basis 
of careful dissections nnd the results of cxpernnentnl section of the vngo* 
svanpathetic trunk in dogs tliat this nerve is not dircctlv connected with 
the bram 'Although the significance of this w ork vv as not fnllj appreciated 
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until the time of Giskcll md L'inglc\, imcstigitors following du I'etit 
recognized tint the communic'iting nrai constitute the onh pithw -w from 
the central ner^ous s\stcm to the sjanpathetic ganglia 
■^^inslo^^ (1732) accepted du Petit’s findings, but regarded the s^^npa- 
thetic ganglia as independent ncr\c centers He discarded the term 
“intercostal ’ ner\ es, w Inch had been coinmonlv applied to the sj mpathetic 
trunks, and called them the “great sNonpathetic ’ nenes, in accordance 
with his opinion that the\ are concernerl pnraanlj witli the “sNonpathics’ 
betw een a anous organs 

Johnstone (17(>4) ad\ anced the hypothesis that the SMiipathctic ganglia 
represent mechanisms through which the moaements of the heart and 
intestine are rendered ln^ oluntar% , since they intercept the “determinations 
of the will” and pre\cnt them from reaching certain parts of the bod% 
He also ad\ ancc<l the opinion that the ganglia interrupt sensorv impres- 
sions from the M<5ceri which accounts for the relative lack of scnsitivitv 
m the M‘5ceral organs Ills descriptive accounts of the ganglia in relation 
to the nerves Iwl to the of the tenns “ganglionic nerves” and “gang- 
lionic nervous system ’ He supported \\mslow’s view of the relative 
independence of the ganglia and thus contributed to the propagation of this 
concept 

Meckel (1751) advanced the opinion tint the ganglia serve to divide 
nerves into manv fibers, to arrange thc^c fibers acconhng to their course 
and termination and to rtimitc them in bundles as thev emerge from the 
ganglia He observed tint the volume of the fibers emerging from a 
ganglion is greater than the v olumc of those which enter it, but apparcntlv 
did not surmise that fibers arise within the gangln 
Tlic anatomic il and physiological studies of Ihclnt (1800, 1801, 1802) 
contributed significantly to knowledge of the autonomic nervous svstem 
and stimulated further research He conceived of life as made up of animal 
life (la vie animale) and organic life (la vie organique), a distinction which 
) finds expression in the current concepts of “somatic’ and “visceral” 
r functions He correlated the ganglionic nervous svstem with metabolic 
1 functions and pointed out the continuitv of action apparent in the organic 
> life m contrast to the intermittent activitv apparent m the animal life 
[ In pursuance of this point of view, lie regarded the sv mpathetic ganglia 
: as nerve centers entirelv independent of the central nervous svstem lie 
r noted the difference in the appearance of tlie white and griv communi- 
f eating rami and regarded tlie former os components of the central nerv ous 
' svstem hut failed clearly to recognize their true significance He also 
{ observed that the fibers which emerge from the sympathetic ganglia enter 
the organs mamh along the courses of their arteries Although Bichat 
, commonlv used the term, ganglionic nervous svstem, he mav properlv be 
regarded as the originator of the name, “organic nervous system ” because 
of his emphasis on the relation of the ganglionic nerv es to organic life 
Red (1807) introduced the term “vegetative nervous system” Like 
Bichat, he regarded the svmpathetic ganglia as independent nerve centers 
(j, He interpreted the communicating rami os connections between the 
^ mumal and vegetative nervous svstems which sene as semiconductors 
According to his view, senson impressions from the viscera do not ordi- 
narilv re ich the brain, but m disease senson impressions from the vege- 
tative sphere mav be transmitted through the communicating rami and 
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tljus reach the lt\ cl of tonseinimne**^, n \ leu w hit Ij ts strif iii;;Ij rcrmiit cent 
of t)ic one. n<h anctcl In .fohn«if«nr nt irh Imlf a erntnn earlier 
'Hjc earliest description of ntr\( cell IkkIiw in snnpathctic panpita 
pnihahls is that of I lirtnhir^, (18«h}), ^elio al«o recortletl ««oiiie olrM rMtions 
on tlic inicrt)scoj)it structure of mr\t filnrs Vnicntm (ISdO) desenUd 
the histoloRic sirutturt of s\mp>tliUic ganchn imludin;, the pnnplion 
tills, in pri itir ditiiil lie reeopiireil tlu hlnrs of the tthitc communi- 
catinp rmin ns nnsinp in thi spinal etir*! and tnlinnp ihi s\inpitlicti'' 
pnnj^ha, and distinpuisluxl hetwetn fibers xshich tenninnti in tin pnplia 
and those which piss through them, hut fnihsl to nisipnize the uenouj 
nature of the uiuuMlumteel filicrH which lleinnk (1S.IS) dt'scrilKsl ns nn in^ 
from the s\ lujiathttit pnnphoii tells and winch he enlhsl “orpnuii ’ filers 
Bidder and \olkinaiin nl^o «pj)o«cd llciunl smcw of tlie “orpnnic' 
fibers 'ihe ntraous nature t»f these tihers RrndimlU iKt-jiuie cstihlislicd 
ns Btinnk’s ohscrNatious wen? eonfinned }>\ otlicr iincstipaton In I'sjt 
Bcmnk puhlislicd n more extensne necouiit of the structure of the ‘!\m 
pathetic pniipln and their <!ounectioiis, partuuInrK the comiuumcatirj: 
rnmi Although Beck (18-10) had ohserxed that the ssinpntlietic pinplia 
nre eonmeted with the ctr\ lenl nml sacral iic rsc-s onU thmupli pn\ coni 
iiuimcatinp mmi, Ilcmak inniutainod that all tlu spitnl iicnes jxisse^i 
hotli wlutc and pras commurut itiiip nmi In spite of this error, Betnik’s 
account afforded tlic ha«is for n liotter imdcrstamlinp of the functional 
significance of the commumcnting rami 
At the middle of the lunete'cuth ctiiturs the relationships of the xapue 
ncr\ cs to the '‘gnughontc or ‘'orpatiic ’ nerv ous s\ stem remained obscure 
although a sagus mfluenoc on cartliac nctnits had he'cn demonstrated 
1 he cilinrs , sphenopalatine, otic and siilminxtllarx ganglia w ere regnrelejfl as 
components of the ganghomt nenous system liut their relationships nl'O 
remained uneertnin Tlic «iuhmucoiis plexus m the intestine was dc^enhed 
In Meissner in lSo7 and the ms enteric plexus h\ Auerbach in JSfil The 
significant aimtomicnl and pin siological studies leading up to Claude 
Bernard s (1852) disco\crj of the xasoinotor function of the sMupathetic 
ner\cs to the blood xcsscls wbicb was confinneel bj Brown-Sequanl 
(fSof), fiocf nfreauj been accompfisficef 
The carh studies of the \nsomotor ncracs ga\e ns>c to the concept 
of a iinncrsal xasoconstrictor action of sympathetic ner\c fibers Vaso- 
dilator effects of ners c stimulation were not reported until Bernard (18^) 
obseraed dilatation of the arteries supplying the submaxillary gland on 
stimulation of the chorda txanpani Dastre and Alorat (1880) later 
demonstrated the existence of xasodihtor fibers in the ccrxical portion of 
the sympathetic trunk 

In the light of ad\ anemg knowlc<lge of the nature of tlie communicating 
rami, reflex actnit\ and reflex centers in the central nenous sxjjtcm, 
Bichat’s theory, according to winch the sxanpathctic ganglia represent 
nera e centers w Inch function iiulcpcndenth of the central nerx ous sy stem 
could no longer be supported On the bosix of extensu e pin siological data 
Bernard ad\ anced tlie In-pothesis tliat all sMiipathctie reflexes are mediated 
through the spinal cord He also demonstrated the existence of centers m 
the brain stem xx Inch on stimulation disdiarge impulses xx Inch nre conducted 
penpheralw ard tlirough sx mpatlietic nerx es The search for higher centers 
XX hich exert their influence through the autonomic nerx es w ns thus initiated i 
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The eirh inatomic'^l and pin siologicM studies of Gaskcll (18SG) con- 
tributed greatlv to a better understanding of the autonomic ner\ou^ «?^s- 
tem His account of the -alute communicating rami and their distribution 
represents the earliest account of these ncracs aNhich is based on adequate 
anatomic il and histological obsera ations He pointed out that the efferent 
fibers in these rami arise m the spinal cord in cell columns which are inter- 
rupted b\ the de\ clopmcnt of the ner\ es to the limbs He also pointed out 
the occurrence of corresponding fibers in certain of the crannl nerics and 
that there exist three outflows of mcdullatcd ncrae fibers of small caliber, 
the bulbir, thoracolumbar and sacral, through which the peripheralU 
located efTerent ganglion cells ire conncctcti with the central nenous 
s\stem Gaskcll chssifictl the ganglia m question as (1) jiroMinal or \erte- 
bral and (2) distal The former category included onl\ the ganglia of the 
sa-mpatlietic trunks from the lower cerMcal segments downward, the latter 
included (a^ the preaertcbral ganglia, i c , the superior ccr\ical, celiac and 
superior mesenteric and (2) the terminal g ingli i, t c , those located w ithin 
the M®’Ceral organs or in pro\ unite to them 

In his later work Gaskcll (lOlC) used the term “m\ohintar\ nerions 
s\stem” to designate the cfTcrcnt neurons lociteil outside the central 
ncr\ous s^stem which supph fibers to iii\oItintar\ structures He con- 
ccl^ed of the imoluntar\ nenous sastem as pureK motor or efTerent and 
referred to the outflows from the central nervous svstcin is the "connect- 
ors ” Ills terminologv presented certain oi»\iou» diflicultics md has never 
been widelv u&cd 

I anglev and Dickinson (18S9) discov cred m the action of meotme on the 
ganglia a new method of investigating the relationslnps of nene fibers to 
peripheral ganglion cells The results obtained bv the use of this method 
led Langlev (1898) to propose a new tcrminologv for the s.vstcm of nerves 
in question He called it the ‘ autonomic nervous svstem," although lie 
was not unmindful of its anatomic and functional relationships to the 
cerebrospinal nervous svstem 

When the term ‘ autonomic” was introduced bv I anglev, it was well 
known that the thoracolumbar outflow througli the sympathetic trunks 
supplies fibers to all parts of the bodv llie crannl and sacral outflows 
on the other liand w ere know n to supph fiben> only to p irts of the body It 
was also known that the functional cflicts of the thoracolumbar outflow, 
in general are the opposite of those of the crannl and sacral outflows 
Langlev , therefore, regarded the thoracoluinhar outflow as a sy stem distinct 
from the rest of the autonomic nerv c^ He regarded the part of the cranial 
outflow supplying the eve as distinct from the bulbar part of tins outflow, 
winch with the sacral outflow constitutes a svstem which innervates the 
ahmentarv canal and parts dev clopmentalh connected with it On this 
basis he (1898) div ided the autonomic sv stem into tectal bulbosacral and 
svmpathetic systems Following the discovery that the effects produced 
by adrenin apparently are similar to those produced bv stimulation of 
SI mpathetic nerv es and that certain other drugs produce effects apparentlv 
identical with those produced bv stimulation of the tectal and bulbosaoral 
nerves, he (1905) grouped the tectal and bulbosacral autonomic nerves 
together as the parasv mpathetic svstem Langlev (1900) had previouslv 
pointed out that the neurons m the mventerit and submucous plexaises 
might conceivablv be postganglionic neurons m bulbar and sacral efferent 
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clmins, but, since tbc data A\nilnlilt nfTonlcil n(» clear pnnif of the centra 
connections of tlK‘'C cdls and hiHtnlnpcnl c\ id< nee had com iiuc<l linn that 
thej dilTir stnicturalh from other |H.nplicral muronH, he placed tin 
nn enteric and suliimie’ous plituses in a “(pamte ‘ivstrm ninth he callee 
the enteric nereous s\Htem In 1012 he wrott * Thin claHHification i» 
1 think, still ndM-iable, for the eeiitm! coiuuttmn of the enltne ncracccll 
IS still nnccrtain, and L\idenec 1ms l»cen ohtnuusl tint thc\ Im\c auto 
nonnennd reflex functions ^\h^ch other p<nphtriiliimet(llsdonotposse«i.d 
Lanplij TtRardcfl tin autonnime tuiinms ns csHnitidlv motor 'Jlu 
autonomic ncr\es, ns he dchnofl them there fon, were rt%nnlr<l ns purdi 
cfTercnt '1 hi afTircnt nents tu comp iiiMti;; the latter art not in all ca e 
distinpinshnlile from other nfrirint iitr\<‘s, eonsexpientU , this sscre no' 
ri^anli'd as nutonomn 

MthouRh I^npliN s elassificntum of the mrst'H m question cinnot 1« 
rogank'd ns final and he himstlf reoognirisl the nmdi'qiiaes of the tennm 
ologs s\lnch he proposal it is the most ^ntl^fncto^^ tennmofogs in tw 
at the pri'sent tunc \ccordingh , tin tinns nulononnc ssmipathctic ant 
jiirnsjmpithctic s\ill he usitl in tlie priMiit \olnmo in the sense in nhicl 
I anglcN iisal tliein Siuli minor d« Muttons from iMinglee s elassificatioi 
and termino!ot,\ ns arc intnKhical Milt Ik. di cussul in their projicr con 
nections 
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MOnniOLOGl VND DlSfRIBUnON OF THE 
VUTOXOMIC NERVOIjS S\SrE'\I 

Definition and Terminology — The Msccn! organs, including the %'iscu- 
iar and glandular s\ stems, rcceut tlitir cfTcrent inner\ntion through 
the autonomic ner\ ous s\ stem This s\ stem, Inch is neither anatomicalK 
separate from the central ner\ous s\stcm nor functionalU independent of 
It, includes all neurons located outside the centra! ncr\oiis s\stcm and the 
cerebrospinal ganglia c\cept the peripheral afferent neurons associated 
^Mth the special sense org ms It also includes the efferent neurons located 
^ itlun the spinal cord and brain stem through w Inch the outh ing autonomic 
neurons are functionalh connected with the central ner\ous s^stera 
^Ylth certain exceptions the autonomic neurons outside the central ner\ ous 
system are arranged m aggrcgati^ known as ganglia, the autonomic ganglia 
Some of these ginglia are located dong the anterolateral aspects of the 
a ertebral column Those on cither side art interconnected b> ncra e fibers 
These senes of ganglia, witli the intcrganghonic fibers, constitute the 
paired sjanpathetic trunks Other autonomic ganglia arc incorporated 
m nene plexuses located m proximitv to the thoracic, abdominal and 
pehic Mscera or within their walls Still othtn> are located m the cephalic 
region in relation to certain of the cranial ncr\ej. 

The neurons through which the autonomic ganglia arc nnatomicallN 
and functionalh connected with the ccntril ncrxous s\stem arc Msceral 
efferent components of tlie cerchrospin il ncr\es The\ are commonlj 
known as preganglionic neurons The cell bodies of these neurons are 
located m the intermcdiolatcral cell coUiinn m the spinal cord and the 
MSceral efferent nuclei in the bram stem flicir axons tra\erse the corre- 
sponding spinal and cranial nencs and effect sjnaptic connections with 
ganglion cells in the autonomic ganglia Ihe axons of the autonomic 
ganglion cells extend peripheralw ard either in Msceral or somatic ner\es 
and terminate in relation to the tissue elements which are mner\ated 
through the autonomic ner\es 

The afferent neurons through which Msceral impulses are conducted 
into the central nerxous s\stem are the general xisceral afferent com- 
ponents of the cerebrospinal nerves The cell bodies of these neurons, 
like those of the general somatic afferent neurons are located in the cere- 
brospinal ganglia Their peripheral proccbses tra\erse the autonomic 
ganglia w ithout interruption and are not know n to effect direct functional 
connections w ith peripheral autonomic neurons Both \ isceral and somatic 
afferent neurons effect reflex connections with preganglionic xisceral 
efferent neurons and consequentlj , are functionally related to the auto- 
nomic nerxes Afferent neurons which terminate m the central nervous 
system max not be regarded as constituents of the autonomic nerxes, 
however, since both somatic and visceral afferents also effect reflex con- 
nections with somatic efferent neurons They are properly classified as 
somatic and visceral afferent components respectively of the cerebro- 
spinal nerv es 
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llic jwjtouoimc rcHcN nri’s ^Mth cditr il coniuttJdiJH ni tlit cciitnil ncnoui 
‘iNstem (litFir iuia((»mn.iiIK from tlu ctrciirt)Hpinal rtllLX an-s iininlv in 
that t!ic prc^ uiRhomt ifTtrcot wmijKHitntH of tht forimr cITect “inaptit 
comiLctions \\ith gaii^rhon ctlU in tin antmionnc j,anU««. vhcrcas tht 
cfTcrcnt compoiiciU'i of thi. latter ttnniiintc in ilirt'tt nhtion to tfTcctor 
otpans (lip 2) 'Iht i,tTi.rcnt Uml» of tlu luitmumuc rctUx nn. c<ni-<c* 
(|utntl\, coinpriM*s two neurons ulitn ih tliat of the iLrihnispuial rtfles 
art compn-'cs hut out '1 he iwirtmnof tithcr tlic aulononut or tht ccrihnw 
spinal reflex art uluth is Ineattxl within tlie ctntnil nmous s\-sinn mae 
i)C Lonnneei to a sinplt sipintnt or m\of\c two or more stpincnts TIi** 
jinpanphomt component of the nntoiioiiiic rtflex art hktwisc nu\ cITcct 
sMmptic conntttmns in out or more niitonoinic j^anpln 

ilu alfcrint tompoiunts of the cerchro''punl nmes whiih cfTctt rcfltx 
conncxjtions with prtpauRltoiut neurons prohah1> do not tennunte in 
direct relation to thest nturons hut cITctt inptic connections with inter 
culatcd neurons wludi in turn effect ssmptic connections with the pny 
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ganglionic neurons (1 oerster, Gngcl mid Shtehan, 1933) 1 he preganglionic 
component of an autonomic reflex arc, consc<iuentK , mn\ not be regarded 
as comparable to the intercalated neuron in the cerebrospinal reflex arc 
Ihe distribution of the pregnnghomc xisccral efferent neurons is limited 
to certain regions of the spinal cord and brain stem Some of the cere- 
brospinal nerxes, consequentlj , include no Msccrul efferent components 
On the basis of the distribution of preganglionic xisceral efferent nerve 
components, the autonomic nervous svstem mnj be dividetl into (1) the 
cranial division, the preganglionic components of which emerge in the 
third, seventh, ninth, tenth and eleventh cranial nerves (2) die thora 
columbar div ision, the preganglionic components of w Inch emerge in the 
thoracic and upper lumbar nerves, and (3) the sacral division, the pre- 
ganglionic components of which emerge in tlie second, third and fourth 
sacral nerves (Fig 3) 
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The preganglionic components of the tlioracic and upper lumbar ner^ cs 
tra\erbt the Msceral rum of thci>e nerxes and join tlic sx mpathctic trunk 
Some of them terminate m the s\ mpathctic trunk g uigli i, others tra\ cr^c 
these ganglia without effecting connections m them and extend, xn the 
splanchnic nerxcs, to ganglia locitcd in closer provimiU to the abdomini 
and pchic xiscera The pregmghonic components of the crannl and 
sacral nerxes do not traxcrsc the sx mpathctic trunk but extend tbrough 
rami of the respcctixc nerxea to the ganglia in xxliich thex terminate The 
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cranial and sacral dixisions of the autonomic nerxous system also react 
to certain drugs according to the same mode, but differ m this respect from 
the thoracolumbar division On the basis of the anatomical relationships 
of their preganglionic components and their pharmacological peculiarities, 
m which the cranial and sacral divisions are similar but differ from the 
thoracolumbar dixision, the former two dixisions have been grouped 
together as the craniosacral autonomic sjstem m contrast to the thora- 
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columbir 'Die fonner the pirft'SMiip ithctie nervous svHltin, tlic latter 
the SMiipathctic nervous svatem, nctonfiiiR to the connnon iKi^e of they 
terms 

Ihc neural structure in the wnll of the nhtncntnrv cninl itiehnlcs tiro 
plexuses, the injcntcric and the suhimuous which are intnimlrlv inter 
connected and comprise mnnerous sinall j,an},ha Ihi“‘c pltxu^ca, ai 
stated a\w\e, !\a\e been elassifieil U\ l^n^h> in a separate vliMsum vsludi 
he called the entenc nervous svHtiin 'llnv arc ontotiin ticnllv, ana 
tonne illj and phvsiolo;,ieallj nlntrd to the pintsvinpitlirtic divuion 
of the autonomic nervous svsttm, hut p<i>'‘css tin tap icitv for in(l(;Knderl 
functional aetivttj in a ^,rcatcr di|,fti tiun other pirts of this sv*;tcn 
'Ihcir capacitv to cirrv out eounhnated reflex activities in the absence of 
impulses cmanutini? from the central nervous s\«tcm is well Known Tlif 
relationships of some of the ntimms in the enU nc r iiiRha therefore nm‘l 
differ from those of the neurons in other pirts of the autonomic svstetn 
c g , those in the svmimthttu tnitik (.aiiglm and tlie nulonuniic gsuRlia 
m the cranial Kgion, winch, ati'orvlmj* to the licsit nvailahle cvuletice 
fiinetion onlv ns tcnninnl neurons in Msccml elTennt tlnins It is ad 
vantngcous hecniisc of their anatotnienl and funetionnl relationships a^ 
well as for descriptive puriwscs to retain the term, entcrie nervous sj’stcm, 
to designate the plexuses in the wall of the dimentnrv canal 

Anatomic Structure and Relationships —Sympathetic Trunks — Rach 
siTupathctic trunk extends from the ln<e of the cnnnmi to the cocevx 
along the anterolateral aspect of the vertebral column It is unde up of f 
senes of ganglia (\ crtchrvl g vngha) conneetwl hs longilmlmal fillers I xcep' 
in the ccrvicil region the ganglia in general are nrnngwl scgnicntallv 
Thev arc connectc<! with tlic spmnl nerves tlmnigli rommioiimtoiy rowi 
Ihe latter include the visccnil e'oinponcnts of the 'spinal nerves which ar 
functionallv relatcil to the svinpithctic svstein and the ‘.VTup'vthcti 
fibers winch join the spmol nerves for distribution to the tissues to b 
innerv ated The spinal nerv c comixmcnts contained in the comimimcatin 
rami in the mam arc iii'elnmtcd and constitute the vfiite commumcatin 
rami, the sjTnpathotic comiKincnts, the inajoritv of which either are un 
m>ehnated or but thinly m^ehnated constitute the proj/ communicatmj 
rami Visceral components arc absent m tin. cerv ical lower tlirce lumba 
and first sacral nerv cs 1 lie communicating mini of these nerv es, therefore 
include onlj sjTnpatlictic fibers Tlic visceral nerves through which th' 
internal organs receive their sjTnpathctic innervation arise from tb 
sympathetic trunks Ihej corapnsc visccnl afferent, preganglionic am 
sympathetic fibers 

Duncan (1943) has called attention to the erroneous practice of des 
ignating the aggregates of sjonpathctic fibers which join tlie spinal nerve 
as rami Since these fibers join the spinal nerves for their periphera 
distribution the> constitute roots, according to the common usage of thi 
term The correctness of this point of view is recognized, but, in view o 
the almost universal use of the term, graj communicating ramus, tin 
latter will be used in the present volume 

The cervical portion of each sjonpathetic trunk lies anterior to th« 
transv erse processes, of the cerv icol a ertebne and behind the carotid v essels 
It includes the superior, middle, intermediate and inferior ccmcal sjon 
pathetic ganglia and contains both mjeUnated and immjelmated fibers 
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r . ' ^nth .b.c„t, „.^ll^ .. ;.tu dcKl -.bout tl. 
le\ cl of fhe bod\ of the sixth ccn icil i ertcbr i >ot mfrtquentb it occii 
Dies 1 lower position It coimiioiiU lies in front of the iiihrior tin ro d 
nrterx , is tins orterx p isses hthmd the carotid she itli 1 he intcrincili itc 
cen ical g iliglion is rtl itn cK small and is loc itcd on the iiiiall il side of the 



'lr> 'ertebral arter\, approximatelj at the lex cl of the eighth conical nerxe 
fV It ^ connected with the inferior cerMcil ginghon b\ 'i large ramus ^^hlch 
passes behmd the \crtebral artcr\ and u^uallj b^ a smaller one ^\luch 
^ passes in front of this arterj In most cascb it is also connected i\ ith the 
^ inferior cer\ical ganglion through the ansa subclaMa 'i\hich forms a loop 
around the subcla\ian arterj (Iig 4) Ihe inferior cer\ical ganglion 
commonlj is situated just behmd tliesubcla\ian arterj usuallj atthepoint 
f origin of the \ ertebral artery It usuallv is onl j imperfectK separated 
1^^^ from the first thoracic ganglion, and frequentlj is fused with the latter 
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Uhc two wlitn fused comtJtuti tiu MUlIiitt pinj;liiin (I 1), sitimtftl 
untcnor to tIu lu u! of the firtt rili und Iteiuiui the ptoiru 

Ulu superior crmctil sMiipathctic f,nit^]toii is nii «lonj,ati*«i lxnl\ whirh 
\nncs HI M/t within ii uluti\ch wido rmiM It J,l^cs n^< to |,n\ oiin 
muiiK itui^ mini winch join the first nn«l sittJiid, usuilK the tlnnl nn<l 
in some inst'inccs also the fourtli ttr\ioid mr\cH It also stnds Rn\ com 
inununtmg ranu to tin li\|m|,hmd mne, the ami ihhIosl panjrlw 

of the \nKU3, and the petrosal }*iiif*lion iht RUKHOpliarMij,!::!! ^er^c 
llic connections lictween tiu suiH.Mor ctrvual H\inpithcti<- and mxlo*** 
j,nngha, according to Siwc (l‘Ml) usually const'»l *if om or two stout Mini 
and scNcral more slender ones lie ncs«r ohsirsetl actual fusion of thee 
two j,angln m man \ piripherd riimis pts^cs iKhmd tlic cirotul slicath 
to tlic wall of the pharN iix win re it joins ilu nsctmlmg piinrsiigcal plexm 
lliis pluxu-. also reel IN cs a few smdUr nnn from tiu suj>enor c*cr\icsl 
panphon Not unc‘omnuml\ one or two sumll rami also arc supphcil to the 
csoplinpns I ho Mi|K;rior canlinc inr\c arises iicir tlic lower end of 
the R uiphon and descends hchtnd the larj^t vessels, hut wsuillv in front of 
the superior tin roid nrtcr\ , and joiiistlic sujx rfieinl canlncplijcus on thclcfi 
and the <kcj) cardiac plexus on the ripht suh It is conneetcti b> slender 
rami with the earotul and external iimxillnrv plexu«c3 and in some in- 
stances, with the bNinpithclie trunk below the sujHrior cervical pnnpfion 
Itarclv it also sends a hraneli to the recurrent nerv e 1 Ins branch is joined 
bv a branch from the ansv sidiclavm A r umis fnmi tlie superior cervical 
pniiplion also joins the jihrenic nerve \notlur joins tlic conmioii trunlv 
of the superior lamipcal nerve l»cforc tlic latter divides into its internal 
and external branches In some instances a ramus whicli leaves the super 
lor cerv ical ganglion w itli the intcninl carotid mrv t nUo joins the superior 
larvTipeal nerve The several peripheral rami of the superior cervical 
Ringhon which join tlic internal airotid nrterv e-onstitute the internal 
carotid nerv c and giv c rise to the mtcninl canitul plaxus Other rami join 
the external carotid artcrv on which thev form a ptuxus 'iho plexiiito on 
the cirotul arteries represent the major jwrtion of the extension of the 
sympathetic sestem into the head 

The middle cerncal panghon (Fig 4), when present, usualK is connected 
b> graj raim with the fifth and slxIIi cervical nerves and somctirafc, nl'O 
the fourth and sev enth The middle canlinc nerv c arises from this ganglion 
or in its absente from the cervical svmpathetic trunk, descends behind 
the large vessels, either scparatclj or with the other cardiac nerves and 
joins the deep cardiac plexus on both sides Slender rami arising from tins 
ganglion also accompanj the inferior tUjroid artcrv to supplj tlic thjroid 
gland In the absence of the middle cerv ical ganglion, the 1 ittcr also arise 
directly from thi interganghonic cord 

The intermediate cerv ical ganglion is connected with the brachial plexus 
bj few communicating rami Frequentlv a ramus arising from tins gang 
lion joins the sixth cerv ical nerv e and rareh another joins the fifth or the 
seventh In instances m which tlie eighth cervical nerve Ins a white 
communicating ramus, some of its preganglionic components probablj 
enter the intermediate cervical ganglion (Kirgis and Kuntz 1942) 

The inferior cervical ganglion is connected bj graj rami with the sev enth 
and eighth ctr\ ical and sometimes also the sixth cerv ical and first tlioracic 
nerves In general, the cervical communicating rami he ventral and 
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htenl to tlie ^ertebnl 'irtcr\, Imt there exists it least one nmus, the 
aerttbral ntr\t a\ Inch his dorsal to the \crttbril irterx (1 1^, 1) It 

eonnects the p inglion ^\ ith the sixth or the sc\ tnth cer\ ic d ne^^ c or both 
In the upper part of its course, this nen e studs a fc\\ small branches to the 
plexus on the ^e^tc\lral aTtcr\ (Swe, 19*11) Iht mftnor tardiat nerxe, 
arising from the incdnl side of tlie guighoii, joins tbt deep carthac plexus 
Slender rami join tilt plexuses on the subcla\ lan, intern \1 in lxiII ir\ and 
\ ertcbral arteries OlTscts from the plexus on the a trtebral arttr% join the 
loi\ tr cer\ ical ncr\ cs not infrcepicntK as high as the fourth The \ ertcbral 
rami of the inferior ceraical ginglion, thtTtforc, ina\ be n girded vs tom- 
inunicating rami Not infrcqutntK a riintis arising from this ganglion 
joins the recurrent ntr\ c In some mst uiccs, r nnt nctomp in\ the common 
carotid arterv and, joining the pkxus on the intern il carotid irterv con- 
tribute to the svanp vthetic innerv itioii of the he id 1 he subel i\ lan pltxus, 
derived mamh from the ansi subtlavin, sends rami to the intern il mim- 
marv arters and the phrenic nerve 

Distal to the nodose gaughon, numerous anastomoses exist hctvvcen 
the vagus nerve and the sjmpathttic trunk hut tlitv exliibit no regular 
arrangement According to 1 unaokn (1028), the rclationshij) between the 
V agus and svanpathetic is more mtim ite on the right side than on the left, 
particularlv in the lower cerv ital region He found no an istomoses in this 
region on the left side in ov cr 50 per cent of tlie cad i\ ers examined , vv here is 
anastomoses were constnntlv present on the nglit side 
In the thorax the svanpathctic trunk lies behind tlic pleiiri and in front 
of the necks of the ribs from the first to the tenth PliK portion includes 
ten or eleven ganglia joined together l>\ longitudinal fibers In most 
instances the first tlioraeic ganglion rarcK also the second is fused w ith 
the inferior cervical to form the stcUotc ginghon Not infrcquentlv other 
I thoracic ganglia are fused so tint tlic mnnber is still further reduced 'Ihe 
thoracic svmpathetic ganghi usuallv are irrcgularK angular or fusiform 
( but varv greatl> both in form and size In gencnl, thev arc arnnged 
segmentallj 

Each thoracic ganglion is connected with the corresponding spinal 
* nerve bj a white and a grav ramus Sometimes tlieae rami are separate 
the white ramus usually leaving tiie spinal nerve distil to the point at 
which the graj ramus joins it Sometimes white and grav rami arc inti- 
mate 1\ fused and constitute a single communicating ramus Not infre- 
7 quentlv the sjinpathetic ganglion is connected witli the spinal nerve bv 
i. more than two raini Occasionallv one of these ganglia inaj be connected 
i bj communic iting rami with more than one spinal nerve Small gingjia 
- have been observed m some of the graj communicating rami either near 
their origin from the sympathetic trunk or near the junction with tlie spmal 
nerve (RomankeviC, 1930, Gniss, 1932, Wrete, 1935) The neurons in 
^ these ganglia undoubtedly represent cells which either failed to reach 
i) the pnmordia of the ganglia of the sympathetic trunk during embr\o- 
\f logical development or became displaced from them 

In a large percentage of cases, an mtrathoracic ramus arising from the 
second thoracic nerve joins the first, usually proximal to the origin of the 
first intercostal nerve Not infrequently a grav nmus from the second 
.j< thoracic sympathetic ganglion joins this ramus In other cases, a gray 
jj ramus joins the second thoracic nerve m proximity to the origin of the 
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mtnithoracic rntinis to tlic fir^t (1 if, I) '1 lit latti r ramns rc<xi\ « 
pathetic fibers Ma tlic f,ra\ rumua to the ‘second tlioncic nirae, cna-ic- 
quentU , it constitiUca a ])ath\\a\ tlirotif.h MJiith ajanpatlictic filirrs which 
lca\e the ajinjialhctic trunh lulow tiu first tlionicic pm^hon enter the 
brathnl plexus (Kimt/, 1927) l»i a sointwhat sinalhr percentage of 
eases, a numis ansinR from the tlnnl thonttc ncnc just distal to its com 
miinicatinR rami joins the second thoraeit ntn i in proxunits to the origin 
of tlic ramus of the latter lu r\e which joins tin first lliomtie (Kirpis nnd 
Kuntr, 1(1}2) 'llns ramus was dciiioiistritix! inlatimllv in l'» ami urn 
latcralK m IS of II tadaxers txiimimxl It iiuludes unmxihnatcil fiWn 
undouhtcilK of Mmpathctic. nripii which tnttr it Ma tlit gnix comintini- 
eating ramus of tlit tliirtl thontit neiac In some mstantx^ such filers 
coiihl he tractsl from this Minus (hrcctl> into the ramus of the sccomi 
thoracic nerxe which joins tin first Hicse rnnii conscfjuentK constitute 
a patliwax through wlueh sampathttic fiUrs ari-'ing in the Ihinl thoraa*' 
segment or lower max rcath the Imithial plexus xxithont tMxcrsing the 
upper tlioraciL sxmpithttic trunk gniighi (I ig I) 

I’triphiral rami arising from the upper fixe tlioracic ganglia snpplv 
the upper p irt of the aorta 'Hie Mxroiiil, thin) and fourth thoracic ganglia 
also send rami into the cardiac ami jH*stirior jmlmoimrx p!uxii«cs The 
spfanc/mte nerxM consist tnainix of xi-cird afUrent and prcgimghonic 
Msccral cfTcrcnt filKrs which join the Hxmjnthctic trunk rm the white 
rami and nurclx traxerse it on their waj to more penpheml ganglia m 
corpomtcxl m the prcxcrtchra! plc-xiisis or locates! in jiroxiinitx to the 
Mseem The grcnier ^pUtnrlimc lurxt is fonneti hx ilic union of scxcral 
Mini arising from tlic sxmpithetic trunk hctwccii the fifth and ninth or 
tenth thorncK gaiiglm (I ig 5) In some instancTs a ganglion ii prcNjnt in 
the course of tins mrxc (Strcckfiiss, lOtl) DMifndmg in the posterior 
mediastinum it pierceai the dmphrngm and joins the etime ganglion A 
slight cnlargancnt, the splanchme ganglion, occurs on tins ntrxe opposite 
the elcxcnth or twelfth thoracic xertchra Ilium ansing l>oth from tins 
ganglion and tlie non e join the tMijihagus and the descending aorta flic 
leaser aplancitmc nerx c is fonned bj the muon of sex end rum ariMiig iisuallx 
from the ninth and tenth thoracic ganghi It pierces the dnphrapa la 
proximitv to the greater splanchnic nerxc and, entering the cchic plcxib 
terminates in the aorticorcnnl ganglion The foiretf splanchnic nerxe 
(sometimes absent) arises from tlic last thoracic ganglion or tlie lc^scr 
splanclmic nerx c, pierces the diaphragm and terminates in tlie renal plexus 
Passing from the thorax into tlic abdomen, the sxanpathctic trunk 
usuallj lies between the lateral and mc<lial crura of the diaphragm (Lab- 
bock, 1932) Atthiblexelitisaxcrj sltndercord In the lumbar region 
it lies upon the bodies of the xertebne, anterior to the lumbar x easels and 
medial to the origin of the psoas major muscle The right and left trunks 
are interconnected in this region b> numerous slender rami (Fig 6) and 
rarely are sjanmetrical Not infrequently one or both trunks are separated 
into txvo or more strands for xarxing distances Pctlow and Vche (1935) 
observed such separation m 9 of 48 lumbar trunks In such cases ganglia 
may be associated xx ith all the strands The lumbar portion of each trunk 
usually includes four ganglia but the number xanes from two to eight 
(RomankeviC, 1930) Occasionally the lumbar ganglia are fused to such 
an extent tliat it becomes impossible to recognize indix idual ganglia The 
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Fig 5 — Thoracic s>'Tnp3thetic trunk coromumcatme rami rami to aortic plexus and 
splanchnic nerx es 

Fig 6 —Lumbar and sacral gjmpathctic tronka (Drawn from photofrraphs of dissections 
of human cadaxers by permission of Dr J D Humltcr) 


trunk ]om all the lumbar ner\ es 1 hese nmi ako are extremely ^ amble 
One ramus ma> bifurcate and join two adjacent spinal ner\e^ or 'leteral 
grax rami (tx\o to fixe) max join a single spinal nerve In 0 5 per cent 
of the cases examined bv Roiiiankev ic, gangh i xv ere present in the com- 
municating rami Peripheral rami from this portion of the svmpathetic 
trunk also join the aortic plexus 
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Contuminp into tlu pcl\n the sMnp'ithcttc tnuil hes cm the 
sxirfaco of tlic '<ncruin inccltnl to the nnterior icml fornumn (I ir C) 
Ihc nplit nnd left trunks arc contRctei! ^\ith each otJitr I)\ frctjucnl con- 
necting raim 'J ending touanl the incchnn plane, IkiiIi tnmks inuilh 
terininate in the gingiioii itnpir, or rcKc\g(nl ganglion, cm the surface c' 
the co(.e\x 'Hus jKirtion of tin sMnjuthrtii trunk usually includes foil 
guiglm, hut the iiumlxr iim\ \nn from tuo to six (I^nhlxKk IP*!") 
Ihc giingha art snuill and grndun1)\ chtntnish m sire from alxivcdocMmani 
Uhe sacral portions of tin sMupatlulic tninl s art not stnctU s\rninctnnl 
and in vomt instances a scxxoicfaix tnink. sutli stcjraf small ganglia n 
tending from the first sacral s(*gmc iit to the third mav lie dcmonstntel 
on one or botli suit's (I jihlxK k lit kS) 1 ike the ex rs lead and love c r lumln 
portions of the sMnpitlictu trunk this portion reaivcs no svlutc com 
immicitmg rami 'ihc third and fourth «tc.nl ntrses arul rxxxvMonall> th' 
second or hftli (Sheehan, llMl) include xi'caral cxmiixmcnts xvhicli cntci 
tlic pelvic plexus Ma the mmi of ihcM nerve's without pa«Mn! 

through the sv rnpathetic trunk fimv ramt arising from thepcKicportwo 
of the sMujiathctic tnuik join Imtli the sacral and ccKX'vgt'al nerves \ks 
coral rami of small si?e nho join the pelvic plexus \ few small parietal 
rami from Imth suits fonii a plcxifonn network ovir the pelvic surface of 
the sacrum 

Prevertebral Plexuses ~'nje pnvertthral niitonomu pltxuvs art situ 
nted in the thorax, ahdomtn and |>elv is 1 our of the^t, the trtnUat, crfui'*, 
hfpogasinc and jv/nc pltxii«cs mav lx regardisl ns the great prcvrrtthral 
plexuses to each of which smaller plexuses art suhsulmrv 

The Thoracic Plexuses —The Cardiac Plexus is situated at tlic base of 
the heart and consists of a superfici d nnel n eli'cp part It is eomiceted with 
the sjTiipatlictic trunks Ihrougli the sii|*crior, middle and inferior ctrvieal 
and a variable number of ihomcic timhae lurvrs, and reenves lirinclics 
of both vagi 'lilt structure and pcnpheml distrihiition of this plexus will 
be described in Clinptcr \ II 

The Pulmonary Plexuses arc exmtimioiis with the canlmc pltxiis, but not 
subsidiary to it 'I hcV arc intimntelv related to the v ngiis nerv es, through 
tlwy recoil c pn^nnphomc Fibers *3 Jicv wiJJ be iJr->cribed in detail 
m Chapter I\ 

Mediastmal Ganglia —In addition to the ganglia incorporated in the 
cardiac and pulmonarv plexuses, minute aggregates of ganglion cells occur 
scatterctl in tlie mediastinum In some instances, one or more larger 
aggregates of ganglion cells arcpre's?nt In three cadavers, icitelbaum and 
Uhlenhuth (1932) described a ganglion of considerable size, which the\ 
called tlie mediastinal ganglion, located in the posterior mediastinum, 
ventral to the descending aorta and just below the level of the root of the 
left lung It lb connected w ith both v agi and sends branches to the trachea, 
bronchi and esophagus Ganglion cells m the mcdiastmum which are not 
incorporated in the cardiac and pulmonarv plcxaises probably should be 
regarded as sympntlietic 

The Abdominal and Pelvic Plexuses —The cchac, hvpogastric and 
pelvic plexuses are closely associated with the abdominal aorta and the 
luTDogastric arteriCb The subsidi xrv plexusca. extend out on tlie branches 
of these arteries and in the mam are named after them They are made 
up largely of the fibers arising from their intrinsic ganglu and peripheral 
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r'lmi from the lo^\er thoncic, lumb'ir *ind upper S'lcr'i! portions of the 
s\Tnp'itlietic trunks I3r inches of the nght ^ngus ner\c also contribute 
to the celnc plexus and the x iscenl rimi of the third and fourth sacral 
nerves ]oin the pchic plexus without trucrsing the sMiipathetic trunk 
The Inpogastric plexus is continuous with the celiac plexus superiorh 
ind with the pch ic plexus infcriorK Nencs are distributed through these 
plexuses to the x iscer i and x es^cls of the alidominal and pch ic cax ities 
On the basis of a compantixc studx of the pre\ crtebrnl plexuses in man 
and other primates, lIart^ 1 ann>^^ einhcrg (192G) pointed out that the senes 
of ple-xuscb along the abdominal aorta, although thex exhibit a rLlatuelx 
wide range of x iriation, fundaintnt illx consist of two pairtxl chains 
a central and a later il p ur 1 ach chain is made up of a mctaim ric senes 
of ganglia connected w ith one another h\ intcrganghonic rami I lit sex cr il 
chains arc connected w ith one another and x\ itli the s\ mpatlietic trunks in a 
more or less regular manner 1 hex also receix c branches of the nght x igus 
and gne rise to branches which siipplx the ibdoiniinl md pclxic xisccri 
Ihe xisccral raini of cacli chain haxc a more or less definite distribution 
Ihose arising from the ccntril chim siipplx the lixcr, pancrcis, spleen 
and digcstixc tube from the ahdomind |)ortion of the c^ophagus to the 
upper part of the rectum 1 he I iter i! chain gix cs rise to r iini xx hicli supplx 
the adrenals and the urogcnit il sxstein Some of these nmi iKo supiilx 
fibers to the large intestine llic lorta and the pairtd arteries arising 
from It which extend into the bodx xxall rcccixe tlicir nerxe supplx directlv 
from tlie sxTnpatbetic trunks 

The Celiac (Solar) Plexus is the most extensix c of the prex crtcbral plexuses 
It is closelj associatc<l with the aorta and surrounds the celnc arterx 
It comprises a dense incshwork of fiber bundios, two large aggregates of 
ganglion cells, the celiac ganglia am! a niimlKr of sm dler ganglia I he 
right and left celnc g ingln he on the right ami left criir i of the diaphr igrn 
respectixclx Tliex receix c the greater splanchnic nerxes and constitute 
the chief ganglionic centers of the celiac plexus The lesser splanchnic 
nerves enter the aortico-renal ganglia whieh max he regarded as partially 
detached portions of the celnc ganglia at their inferior poles 
The celiac plexus (1 ig 7) mxests the celnc arterj throughout its entire 
length and is continuous with tlic subsidiary plexuses along its branches 
■The latter include the left goftne plexus, from xxliich rami extend to the 
esopha{,us and stomach, the hepatic plexus, from xxhich rami extend to tlie 
fixer and gall bladder, stomach, dumlcnum and pancreas and the splenic 
from which rami extend to the spleen, the pancreas and the stomach 
Nenes arising from the cehac ganglia and plexus form subordinate 
plexuses on the aorta and its branches The phrenic plexus accompanies 
the mfenor phrenic artery It supplies the diaphragm and gives off rami 
to the adrenal plexus On the left side it also supplies rami to the esophagus, 
t? ^ j inferior xena cax a The adrenal plexus accompanies 

adrenal artery and sends rami into the substance of the adrenal gland 
f plexus extends hteralward along the renal artery to the hiliim 

?, kidnev It IS connected with the adrenal plexus and also receix es 
IV splanchnic nerxe The pancreatic plcms is closely associated 

frnm pancreas In part it is derix < d directly 

I plexus It also u, connected with the superior mesenteric, 
nic, hepatic and duodenal plexuses The duodenal plexus is a delicate 
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incsliw ork nf fiUtrs u itlinut inn* rti'*r«)pic l<>( ntwl in the rt tmjKTito* 

nrni tissue htlnml tin piiKrtJH It is (I(rtV(*(l ttminlv frtmi tli( paritteatic 
nnd sit])tnor inisinttru p!(xiw*H (Kim niul Uallon 1020) Hit tupennr 
vtc^cnlcrxr plexus juaitnpmies tlit nijMfK'r itiesuitenc nrtin niul forms 
suhordiimte p!(\u (s oii its IimiHhes, tlmuiRli which filKrs nrc nupplict! 



Fio 7 — Pliotognipli of Iiumfin «liwctton (Dj pcrmia-jon of Dr J D Humber) 


to the small inttstinc cecum, xermifonn appendix nnd nsccndinff and 
transx erse portions of the colon fins plexus includes the superior mc^en 
teric gxnghon and is continuous iiifenorh with the aortic plexus Tlie 
aorlic plexus invests the abdominal aorta It inav be regarded as a con 
tinuation of the celiac plexus downward but it also receives rami from the 
lumbar sjonpathetic trunk and is connette<i with the Inpognstric plexus 
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b\ the h% pogastnc ncr\ cs It contrilmtei> rami to the 'idrcml and ren d 
plexnscs and gi\ cs rise to t!ie spcnnatic (or o\ arnn) ind the inferior Inc^cn- 
tenc ple.xu'JCb Ihc spermatic plcviis rccci\es raim from the renal 
plexus and extends along the sptnnatic into the spermatic cord and 

testis 1 he ornrian plexus accompanies the ox arian arterx into the pelx is 
It supplies rann to the oxarx and uterine tube and through its communi- 
cation xxith the uterine plexus, to the uterus 3 he inferior maenicnc 
plexus inxcsts the inferior mesenteric arterx and is continuous xxitli the 
subordinate plexuses on its hr inches the cr>hc sigmoid and superior litmor- 
rhoidal plexuses through xxlnth rum an supplied to the descending colon 
and the upper part of the rectum (1 ig 7) 

The Hypogastric Plexus connects the cchae am! pelx ic plexuses \s the 
hxpogxstnc nerxes dcseend into the peKii, thes break up into numerous 
bundles xxlnch form a plexiform ineshxxork along the front ind back of the 
bifurcation of the aort i ind the rtgion of the common ili ic irterics ind ox er 
the promontnrx of the s icnitn 1 Ins meahwork constitutes the hx pog istric 
plexus (I ig 7) 

The Pelvic Plexuses arc locatcal along cither side of the rectum Ihex 
receixc the xisceral rami of the sicril iicrxcs winch conxex prcgingliomc 
fibers in addition to rami from the upper sacril portions of the sxanpithctic 
trunks Lack pclxic plexus is continuous with its suhordinite plexuses 
accompanxing the hxpogistric arterx and Us hranchca the hemorrhoidal 
'esical, prostatic or uterine and xagiiul plexuses, through which fibers arc 
supplied to the pelx ic x iscer i 

The Enteric Plexuses extend throughout the length of the ahmentarx 
tract from the upper lex cl of the esophagus to the in d c inal Tiitx com- 
prise the mx enteric plexus situated lictwccn the longitudinil and circular 
musdcis, and the subinucous plexus in the suhinticos i fhesc plexuses ire 
wtimatclx connected with each other throiigb numerous connecting ranu 
Postganglionic fibers dcn\e<l from the prcxertchral plexuses tnxerse the 
enteric ganglia and contribute to the plexuses Phe preganglionic fibers 
to the enteric ganglia arc components of the x igus and sacral nerx cs The 
enteric plexuses x\ ill he dcscribcil in detail in Cliaptcr X 
Cephalic Sympathetic Plexuses —The ccpliahc sxmpathctic plexuses 
^nax be regarded as an extension of tlic sx inpathetic trunk into the cephalic 
region Kami arising from the superior cervical sv inpathetic ganglion 
extend along the internal md external c irotid arteries rcspectix clx is the in- 
ternal and extern il carotid nerves The internal carotid rami become 
^Pphed to the internal cirotid arterv as it enters the carotid t in il m the 
^uiporal bone As thej continue ccphalad thev become separated into 
ateral and medial di\ isions The lateral div ision giv es rise to the internal 
carotid plexus which invests the internal carotid arterv flic medial 
I'lsion gives rise to the carernous plexus associated with the cavernous 
sinus The external carotid rami form the plexus on the external carotid 
(Fig 8) 

ffi- j Internal Carotid Plexus sends communicating branches to the ab- 
semilunar ganglion It also gives rise to the deep 
^ caroticotvmpimc nerves The deep petrosal nerve joins the 

6 eater superfioial petro<?aI to form the nerve of tin ptervgoid canal which 
sphenopalatine ganglion The caroticotvmpamc nerves 
jom the tympanic plexus 
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The Cavernous Plexus it imN cointniiiiKatiiiK I)rnntli(s (o tlie oculdmnto 
Irocljlcflr nrid ophtlmlmrc nri/I the cilmn t'nnichofi It nfvj supplies 
libers to tlic In jKijiln sn 

The Tympanic Plexus is foniU'fl inninU b\ the cnrnticotMiip itiio nerve 
nml n tMiipnnic minus nnsuiRfroin tin |>ctrosnl (?iinpluin It is sitintnloj 
tlic incflin) unll of the innbili i ir ntid Mippbns fibers to tin inuitius loer' 
liranc of tliL t\ in}nnu!u, iimstoul cells ntnl nuditors tiilx. \ slender nmji 
nndc up miuiib of fillers whuh rntir this phtus tlmiURh the is'uipai'- 
rnniijs fmtn the ptfros/il ^nnghoti umfes suth « frtftiiis from the pcnicuk 
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Flo 8 — Dinernmniiitic illustration of tl>o relationships of the sjmpithetic and para 
sjTnpalhctic ncncs in Uio rephnlic region 


pauffhon of the ncruis intenncditis to pno rnc to tlie Icvscr superficial 
petrosal ner\e svliich passes tlirongh the temporal hone and joins the otic 
ganglion 

The External Carotid Plexus is made up of tlie external carotid rann from 
the superior ceraical sjanpathetic ganglion It accompanies the cxtern*d 
carotid artery and gi\ es rise to subordinate plexuses on the branches 0‘ 
this arterj It also supplies rami to the glomus caroticum The sub- 
ordinate plexuses on the middle meningeal and external maxillar\ arteries 
supplj rami to the otic and submaMllnr> ganglia rcspectia ely 
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The Common Carotid Plexus — flic plexus on tlie common cirotid '\rtcr\ 
IS continuous supenorK ^Mth the intrrml and extcrn'il cirotid plexuses 
It includes fibers ‘irismg in the inferior and middle ccrMcal s\inpathctic 
ganglia and alTerent components of the upper thoracic spinal ner^ cs Man\ 
of the latter extend ccphalad and become associate<I ^Mth the cephalic 
s^^npathetlc ncr\cs (Kunty, 1031) 

Cephalic Autonomic Ganglia —"1 he major ctplnhc autonomic ganglia 
are situated m relation to the oculomotor iicrxc and the scieril diMsions 
of the trigeminal ncr\ e, but are rel ittd fiinctionalli to the lu n es through 
which the\ rcceii c preganglionic fibers (I ig S) 

The Ciliary Ganglion is a sm ill redihsh ganglion located in the po'^tcrior 
portion of the orbit, between the lateral rectus muscle and the optic nciac, 
and in proxinutx to the ophthalmic arterx It is connectwl xxith the in- 
ferior di\ ision of the oculomotor ncr\ c 1)\ a short motor root through w Inch 
it receixes preganglionic fibers and with the nasotilmrj hr inch of the 
ophthalmic nerx c hx a long sen lory root It aho rcccix es a slender ramus 
the sympathdir root dcrix cd from the cax cnioiis plexus 1 his r imus max 
join the ciharx ganglion as ui independent root or it in ix be incorporated 
m the long root from the lusoeiharx nerxe TwcKc to fifteen slender 
rami the ci/mr?/ nerxe'' arise from the tilnrx g inglion and passing 
forward ahoxt and lielow the optic nerxt coax ex fibers to the exc its 
extrinsic muscles ind the blood \e‘S''els 
like the other major ceplulic autonomic ganglia, the ciharx ginghon 
is esscntiallx parisxinpathctie \inong the carlx mxcstigators Vrnold 
(1831) and Ilaubcr (1872) classified it as autonomic Reichert (1875) 
described bipolar neurons m it, and Sclixxaihe (1879) and xnn Gehuchten 
(1893) regarded it as sensorx Ixruisc (18S2) nurkhcimcr (1879), Intz 
(1899) and Dianna (1901) regarded it as made np m part of sensorx and in 
part of motor neurons Michel (1891) Uetzius (1891), Manncsco Parhon 
and Goldstein (1908) Sala (1910) Muller and Dahl (1910) ind Carpenter 
(1911) obserx ed onl> multipolar neurons m this ganglion and regarded it as 
Purelx autonomic (parasxinpathctie) I’mcs (1927) dc'^enhed ganglion 
cells of eight morphological t\ pes in the ciliarx ganglion iii man, including 
^me bipolar and some unipolar neurons Pines and Friedman (1929) 
described ganglion cells of csscntiallj the same morphologic il txpes in the 
eiliarj ganglion m the monkcx and certain other mammals butmaarxing 
proportions The multipolar ginghon cells were predominant m all their 
preparations 

nna mtcnsixc studx of the ciharx ganglion of the cat, Christensen 
(1932) recognized ganglion cells of most of the morphological txpes de- 
scribed bx Pines and I riedman but none which could he regarded either as 
•polar or unipolar lie obsorxed some with onG two ind some with onlj 
one large process but all of these show cd additional x crj small cv toplasimc 
processes 

The Sphenopalatine Ganglion is a small reddish ganglion located in the 
^P leimpvlatme fossa, close to the sphenopalatine fonmeu and at the 
ponpheral end of the nerxe of the pterxgoid canal, through which it 
preganglionic (motor root) and sxTnpathetic (sxmpithctic 
’in 1^ preganglionic fibers are components of the f icial nerxe 

fi/ f ^ ri^rx e of the pterjgoid canal x la the greater super- 

•a petrosal nerxe The sympathetic fibers are derixtd from the plexus 
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on tlic internal tnrotul firtir\ nn<l jnm tlu nine of the enna) 

tljrouRli the (Kip pttnml nme HnnehcH of the iimtilliirv tirracjoui 
tlu ‘iphtnopiilntinp j,iiii^,h(m and toiistitutL itn rtmt^ 

On tlu hiivis of tlnucnl (jKm retitioH'i, sltuh r the prn i 

l)ilit\ that tliL 'tplunopdatna piii^^tioii innv inrfiuft •kmic pnni.hrm ccIK 
a\Iuch an airirmt in Knutum Ddtc (ifiiT) lufvnnail tlu opinuin that 
tins f.an^Iion is not puri{\ aiitonoinic Iml in part of va^ns ori(;in He aU 
nunntamed that tin mr\( of thi pt(n;,oi<! tniml nuhuh-i filKrs of aaijm 
oripm lUecnt anat<»im(al stuiln-n ilo ikjI siipjiort the (jpniuni tint t^^ 
‘'phenopalatine pmiRlum imhulis nlTrniit pmKhon itlla llie mnimpli'^n 
tint the iicn( of tlu pttrvpoul emnl imlmlis filKT* of mirui on?in i* 
sup|>ortf<l both h\ tlmu il (la\, and nnitomua) (Ktrnl? Wl) 

(lata imluatuii, tlu (Mslenct of \nMi'« fiUin uj tlu ctphalu ATniatlictfc 
nenc? 

Pcnphcnl raini nmuip from the •ii>ht n(»p il itmc tnaphon aa d’*- 
tnhule'd ns follows \ jifutmugoit mmtn. pnsuii. hiekwnrtl throiiRhtV' 
plnr^m^t vlcun! supiihestlu imu'oinnMinhntu of tlu roof of the plnrvM 
ihret jnhtUK mr\e^ rtmh the pilntc throuph the palntnu cnnal« Tit 
•i»/(nor or tjrnil jvifu/ou iierxe pne^ pm to nntinor filamrnt‘( whicl» nndi 
the tiKisor teeth and eoiiuniinteati with hmnelus of tlu jn*j)pilntmc nene 
In tlu pdatuu e\nal it pi'en pse to a Mnall nimn the ;>*.drnrir infem 
lohml mviJ iur\( which '‘iipplus tlu u»iet>us mrmhnne of the infcnot 
eoiuln I he vnd/llr <ir rxlrntal and jkiilrnnr or «««// 

nines siippU tlu inu< ous im inlmim of the •■oft palate ti\ «hi and iwhtiM 
tonsil A small mmis, the /iwfrrior *ii;irru/r Intirfil m*nl ner%c supphe 
the mutous iiumhnm of the middle and Mijurior pniehir Hie naef 
;vi/ntoie iierM Mipjilus tlu immnn iiumlmine of the hard palate and the 
roof ami «(ptiim of (he no'( Oiu or inon orbi/n/ pum aln^ pT's npwanl 
fpiin the sphenopdatuu paitklum to the ))criosteum of the orint Some 
fibers of these rnim als<i jom tcnmiml hnnehes of the ophtlnlime iierae 
Oogcl 

The Otic Ganglioa is a small pnnplion locatnl inwlial to the mamhhul'ir 
nene pist helow the foramen oanic and at tlie posterior Imnler of the 
ptcrepoul mvisclc Its pn panphomt (motor nxit) fibers arc component^ 
of tbe plossopli irMu^t »l jurac and are ronat'od to the panpbnn am the 
lesser Mipcrficml petros-d nmc which nKo eamstitutes its sen^ora root 
Ileiehert and Poth (PHI) adeanced certain data which seem to indicate 
tint some pripinpliomc comjKinents of the facial nine also enter the otic 
panphon m man 

Its svmpathotic root is elemeal from the plexus on the middle meningeal 
artcr\ Communieatuip rami nrismp from the otic panghon join tlu nene 
of the ptera gold canal the aHricuIotein|>orvl nen c and the chorda t\ mp ini 
It also sends peripher il raini to the tensor tN inp uu and tensor a eh pal itim 
muscles 

The Submanllary Ganglion is a smdl nxldish panghon locitcd between 
the lingual ncr\ e and the duct of the submnMllarj gland Its preganglionic 
(motor root) fiheis are components of the facial ncr\ e w Inch join the lingual 
ner\t \n the chorda tvmpani Accowhnp to Rcicliert and Toth some 
preganglionic components of tlie plossopharMigeal ner\e also enter the 
submoMllarj guighon in man 

Its sensory root, made np mainl> of components of the neraiis inter 
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mwlius joins the ginglion as a skmier niiuis of the iiiigin! nenc Its 
sj mpathetic root is (lcn\ c(l from the plcMis on the tAtcrn il in i\illar\ irtcr\ 
Penphenl rum irising from tlit suhma\ill\r\ guighon supply the sub- 
nnxilhn gland and its duct Other penpher d fillers join the Imgii d ncr\ e 
and are con^c^td to tlie suldingual glind 
The Lingual Ganglia tnmpnst miintrous smdl iggrtgatts of lutonormc 
ganglion cells locitul l)tt^\ccn the intrinsic imi-'dis m the posterior portion 
of the tongue 'lht\ he jnamK within the ringt of distribution of the 
glossopharuigcal iitne, tlirougli which thci probabh rtceiit jircg ingliomc 
fibers 

The Ganglion Terminale is inidc up in part of autonomic ganglion cells 
(Brookoacr, 1911, 1917, Larscll, 191S) Ihc sources of the prtgingliomc 
fibers related to these cells ha\e not been ch irU ilehimtcd but the fibers 
undoubtedK emerge from the forebram is efferent components of the 
iierMis termiiialis 'Ihe peripheral bniiches of this nerii ire distributed 
inainh to the anterior ccrebr il arteri and its hr inches ind the mucous 
membrane of the nasal scjitum, meltidiiig the aomcroinsal org in 
Other Gangha — \,n ncccssorx s\mpatlictic ganglion located in relation 
to the internal e irotid artcri imd m the course of the intern il c irot id nen c 
has been dcscrdied m man hi Cliorobshi an<l Penficld (1932) V ginglion 
located in the corre ■'ponding position iml in the course of the internal c ir- 
otid nen e also has been oh^en cd m the cat 3 Ins ganglion proh ihli com- 
prises nenc tells which haie been displiced from the primordiiun of the 
superior cenical simpathctie ginglion Gcllcrt (1931) described scicral 
small ganglia in the portion of the intcmil carotid plexus which passes 
through the ca\ ernous sinus 1 lie fdiers arising m these g ingh i, w itli other 
fibers of the intern d carotid jilcxiis, enter the oplith dime ner\ c 
Chorobski and I’cnfield aKo described an aggregate of ginglion cells 
located at the junction of the gre iter superficid petrosal ner\c with the 
' **Jternal carotid ncr\ c m m in J he\ rcportcil expermu nt d d it i in support 
of the assumption tint preganglionic eoinponcnts of the greater superficial 
J petrosd ner\e effect SMiaptic coimcctionb with these cells, consequently, 

I they represent i parasimpathetie ganglion 1 heir experimental findings 
' support the issumption tint scittcrcd ganglion cells, some of which 
I are incorporated m simpithetie and others m parasampathctic efferent 
1 conduction pathwa\s occur along the internal cirotid and cerebral 
1 arteries 

I . aggregate of ginglion cells located on the surface of the pineal 
ody ind just beneath the chorioid plexus m a full term hum in fetus w is 
described bi Marburg (1909) I’lstori (1929) also described a small auto- 
/ nomic ganglion located at the tip of the pineal hod\ According to her 
account, this ganglion comprises approximatch 30 ganglion cells and is 
connoted by nerve fibers with the pined bodv ind the cerebral blood 
Vessels Levin (1938) described i complex of ginglion cells and nerve 
.g Within the pineal bodv in monkeys of scveril different species This 
/ comprises approximatelv 2000 ginglion cells, is con- 

^ posterior and habi nular commissures and the tela chorioi- 

ea This obviously is not the nervous complex described by Piston 
^ "ith the tela chonoidea suggest autonomic relationships 

m view of Its intramedullary connections, it cannot be regarded as 
)i' ^aollj autonomic 
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Other Gannha Associated with the Cranial Autonomic Nerres -TV 
j,cni(-uliitc pftii^lion of tin m n iih mti tin jh tronl j,nnJifin ef il' 

j,!()''Soplnr\n^nl i\w\ ihi )Vii,uhr nwl tin 

an intinmtth «ilh tin rmnni nutonomic iimtn nndljr' 

bcdi re;. »r(li’<l l'\ •'Oiiu n'< it) jnrl aii(<iiiotinr 

I he Qcnmilotf' ^ mi.IioTi i>» ^itimtcd in tin fiu nl < mml nl thr p mi tl/ 
f(irialnir\( 1 nmi It nriM thru Hfcmhrrjtmi (I) lln 
petH) il mr\c contiinj** ihulK prtj^nnj^limnr filM-n to the iplirnopalit// 
[,anj,lioji and ‘•c n»or\ Ida ri wimli tri»\er<« tlm j;nn;,jion (»> Ih* di‘tnhu*e) 
throiiKl) tin iniddh and ]>ost<rior|)ilntiiie to the rniiroiJi inrtah'i * 

of tin ‘•ofti)ditt (J) lln iv<inonli»t\»)pmn- nerM rntm the impi.^ 
phNnsaial ( ontiriuin^ lliro!if,li tin httrr jnin'»tlie irnnll ^tijKrfianlixiro*^ 
n(r\( I Ij lln ( xt<rn d ••iiperTn i il |« ln>^il nrr^i ih ntiineon'tanl rant:* 
^^Ilnh joiin tin '•Miipitht tie ph tiH on tin mnidir lurnincml nrtcn Tt- 
jictriiffil ^Tiiplion iH •'itnntiil m tin lowtr part of the ju^uhr fnnmen h 
r» d i\ i-s u nin«'« frmn tin Mijn n«r ci rv ii'^l •»% mpitln tic jraitslion and p'C 
olT I r iiiuh «liiilj pT''<CMiit« tin tMiipinicpIcxiuftiidcintrKi-^nHthe tta^ 
vii(»rfi(id JK iro-'al ncrM Hn juffular nnil rtfW/wr jmiiglia of the >3"^ 
in intiiintiK n'< (tcmtol with tin AtijH nor c< r\ nnl ivnuuthctic pnj^ra 
i in ir ( onmxtions u ith tin. latti r million are ilenrrilH’tl nl>o' c 
MI of tln^< j,anplia an triMr«n! I»x pn-jrinplionn filnrs and mrfj'l' 
ilftnnt muronc'i Mhieh an functionalK hlatnl to the ntiUmonnc rmf* 
((rtun IiNolo^jod hmlnips h»M Innii intir|>ntc<l Mipportmp O' 
a-iMiini)! i.jti that tln.\ inchnk mitnnomiL p inphoii ct II< niptic con^^^ 
tioi ' nliin tin puipln houcxir, hixt not N'in duiion»irntc<l In'ie* 
of lii thi d )ta atnihitk tin*<<. p iiiUin hki tin olhiri'enhm<pniilpn5^** 
nin t Im rcpanlnl as coinpnnn^ onh •n*«'M*rx pnithmi alls 
Components and Structure of the Sympathetic Trunks — h^ch "'le- 
p'tthotic trunk comprint's of n "nrns of pnneha the \ertil»nl jrvnpha a’fl 
tht toniu'ttnip intcriuMlal raim Ihc Inttir con'ist pnmnnlv of swef" 
nffirtat and preginRlnunc MKxnl olTirtnt hlnn ulneli enter the «nnp3 
tlntn trunk throuph tin ulntt coiniiniinc’itnip nnu flic prepinphonff 
neurons art locatal in the intcnnwholntind ct 11 ctilutnn and adjawnt pa^* 
of tin pra> matter tlimuMnnit the tlionnionnd iipfar linnharnpumsoftrf 
spunl coni llRir axons enter tin. '‘\*n)p ithetic trunk \n tlie whitf 
toininunicatinp rntni and cither terminate in one of its p mplin in senapW 
rclationslup to ss inpitlictic pnnplinn cyIU or Ims erve the trunk for a •shortfr 
or lonper distance nml continue lariphemhvnnl in one of its hnneho^'^ 
terminate m a ssmipathclic panphon Ixinp marcr n M^eenvl orpan Tc? 
Msccril alTtrent neurons winch send fibers into the s\inpithctic trunk 
components of tlic posterior ner\c rwits IIle^e fibers enter the 
pathetic trunk mu the white mim imd tnnor>e it without making 
tic connections with sMnpathctic neurons riiroughout tlie greater pao 
of the sympathetic tnmk the mtimodal nmn also contain some fiber* 
winch arise from sympathetic ganglion cells and nm longitudinalh lor* 
shorter or longer distance before entering the nencs throuch which twJ 
are com ey cd to their peripheral destination 1 % cry grn\ communicatinC 
ramus probably receiacs fibers from one or two ganglia abo\e and bcloi'’ 
as w ell as from the ganglion in the segment of the sx mpathetic trunk iroio 
which It arises (Takagi 1920 ) , 

The preganglionic and xisccral afTcrcnt fibers winch make up the cerMCSi 
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intcrnod'il nini enter the SMiipithctic trunk \n the uhitc coiniminic iting 
nnii of the upper fn c or ';i\ thor icic iiei^ cs Atconhng to ^ nrious in\ cbti- 
gators, including Rnn^son and I3illmgsle\ (lOlS), Biier (1930) and Cle\e- 
Knd (1932), the upper portion of the ccr\ical sMnpithetic trunk contain^; 
no afferent fibers, con'^equcntlj , the upper inttmotl i! ramus consists almost 
c\chbi\eh of preganglionic fibers a\hicli teriniimtc in the superior cerMcal 
, sempathetic ginglion In sections of the sMiipathctic trunk taken just 
below the superior ter\ical ginglion, fiscicles of tiniin eliinted fibers not 
infrequentU arc obser\c<l at the penphe^^ of the mternodal rimus Ihesc 
fibers do not degenerate follow mg section of the trunk in the low or cer\ ic il 
. leaeK, thea ol)\ioiisl\ are postg inghonic fibers a\hiLh ar^e in the superior 
ccrMcal ginghon and extend m the intcrnodil rumis for a short distinec 
before entering a jieriphenl rumis of distribution 'Ihe posMblllt^ that 
some of these fibers in u be the axons of comimssur il neurons is not pre- 
cluded but eMdcnee tint comtnissural neurons occur in the sjnipithetic 
trunk IS wanting I xclibue of such ineonstuit penpheril faseielts of 
postganglionic fibers nc irK all tlic fibers in this ixirtion of the s\ inji ithctic 
trunk are nnehriatcil lhe\ ire of rclati\cl\ small cihbcr and eloselj 
. aggregUetl In the c it, the m ij(irit\ of these fibers according to me isure- 
ments earned out In Hanson ind lhlliiigsU\ (19IS), Mir\ from 1 “i to i ■) 
microns in diameter llics found relatueK few fibers witli a diuncter 
greater than 4 5 microns md occisioiid ones with a diameter of 0 5 or 
. 7 microns All these fibers undergo degeneration tow ird tlie superior 
cersical ganglion following section of the ssinpithetie trunk at iin lescl in 
. the neck 

After section of the couimume ituig rum of tlie first and second thoracic 
nerses and the ssinpathetu trunk below the stellate guiglion I inglej 
(1890, 1900) found no intact m\ ehn itexl fillers in the cere ical s\ mp ithctic 
trunk lie therefore, concUidcal th it no m\ elm ited fibers run from one of 
the cere ical sn mp ithetic gangli i to mother or enter the sMnp ithetie trunk 
through cereical coinmiimcatiiig rum Hanson and Billmgsle\ (1918) 
concurred m this conclusion I’regangliomc fibers probibh do not piss 
through the superior ceraicil ganglion mto the nerers arising from it 
except to reach the SMnpathetie ganglion on the intern il carotid artery 
'^nd such scattered SNonpathetic ganglion tells is m u occur along the 
internal carotid and cerebril irteries 
Below the middle ctr\ ical ganglion or the origin of the middle cardiac 
ner\e, the cervical sjanpathctie trunk contains both preginghomc and 
Msceral afferent fibers The mijontj of the latter are conveved to their 
peripheral destination through tiie middle and inferior cardiac ncr\ es and 
rami arising from the ansa subclaMi to be distributed to the heart and 
lungs 

Throughout the thoracic and lumbar regions, the svinpatlictic trunk 
contains both preginghomc and visceral afferent fibers These fibers, 
n^ost of which are mjelmated are arranged m a compact bundle, usually 
oval in cross-section Unmjelimted fibirs occur onh m smvU numbers 
j fourth thoracic ganglion Below this level thev are more ahim- 

^ arranged m a crescent-shaped fascicle at the periphcrv of the 

fascicle of mjelinated fibers The crescent-shaped fascicle 
®ade up of fibers which arise m the ganglia of the sympathetic trunk 


40 


Moirimroo) i\ii j)isTiiinvTio\ 


ind run lon^itudinnlh for u ’thorUr or loiiRtr «)iil;utc< iKfnrt (ntrnn;;t 
njrnns of <listnlrntion (H«nv>n »ml , J0J8) 

iWwM tlio tJioratu gnii^lion, lin«t e)f tin Ijlnr* »j tin ^nnjwtliftK 
trunk an n'-unduiK l«l>cr* wludi ttmurnlc in tin uppy 

thoracic ami (true tl j,an^lia 'Hit •‘oiirn of pn*pinf;ljofncfiWntii 

tliL ‘'Uptnnr ct n u. d panRlmn la tlio tilth tlmni n nrnr I il)fr< wlr 
enter tlu injavtlu tit trunk thnnipli wlutr mint nn low n** that of the ni ‘‘ 
thnncK iKr\( art Inoun to rt-'uli tin iiifinor tminl pnnplion faa 
tlu ‘’i\th tlu)ntit puiplion to tin itiiith tin HMiijuthttio tnink rmuij 
both a^c^n^l^l^. and diMindiiip imi^anplioiia /ilKr< Iltloa the 
tlioruio pmvlion it eontaiUH cliHlIa docindmp pn-panelmnu filK-nf''t3 
till lo\\( r tlioruK ami lutnlnr tu rars to tlu in«rr t'nudal pancli ‘ «f t^' 
tnml mid tlu “pluKluiit lurac' Hit hijit^t “ourTr of pn>trmslu-"> 
fihtrs uhith futir the Nplaiuhim mnea tlu fifth jwiv^iliU the h'ljrti 
thoratu lurM 1 dim winch «utir tin nxinpithrlu trunk thronchnjn” 
white riniUH nn\ ht di>trihutrtl to from Iim In tin •uerr^mr can;:ki 
although an\ oju prif, inphonir filu r prohahK diKsiuit pne off hrantle 
to VI I irpi a mnnhir of patiplit ilu'*^ Matiimiita ri-pnrtliap thedetr 
huti'ui of p-ipuiphonu (dura an hi-ual on ljuiple\ i (I*'^rJ lofiil ItCT 
limlinpi in the tat which ui pint ml eomdjonilt ami extend (ixAdl; 
llHVu nirhtr finduips in the do^ Mfillir (l*>ii'>) hit diown that ll^ 
^Miipithctic trunk in man (xhihitn n similar dotnhution of prrcanJ’ori! 
fibers 

H uivu) and llillmpsUi (10|S) prtvtiitiil i\uhmn winch imlicitw tlu' 
the \iuril alTtnnt coinjvjmnlH of tlu ssmiutlutu. trunk arc chaflj 
mjehn iteil fillers of larpi and imxlnim sin-i Init that '‘tnall in'dawlft 
and unniMhnatetl xi'cmd afftnitt filu-M nlvi mxnr Hit litter are 
casil\ distnipuiahiHl from tlu pn’puiplioinc lilun I.arpi. and nmhina 
sirixl mMlmiteil fibers an |)reN<iil m varMiip iiumlHis ui chfTcrtnt jwrt 
of tlu tlioncic sMiip ithetit trunk Ihi\ an rilati\il\ fiw nl«ui tl 
oixth thnrutt pinphnn, nml pnuInnlK mtrn'‘i in nnmlitr below thusK't 
until the roots of tlu prt iter splmihmc lura t are n*'U.h«l thruuph whid 
a larpc proiKirtion of tlu*^c filurs is c<m\t\eil to the vi-^n Vffcrcc 
la.Ti'fffMTfcrrf'T of the sp/muftme mr\»> tndr tfu spjnnf conf xrr 
coiimunncatinp num of all tlu spinal non cs fnnii the tlnnl thnneu to tin 
first Imnlnr nulusuc (Ilain Irxinp and Mcbwimx 1035) Hirpc ari 
incdiuin-vi/td inxclinatei! fibers an present m relatixcK small numbc^^u 
the sxinpitlutic trunk below the roots of the splnnclnnc ner\cs Som' 
of these fibers toiitmue downwanl into the s icml npion , 

The unun clinatesl fibers which enter the s\mpithetic trunk throuc' 
white rami acconlinp to Itniison and Ililhnp^lev , lia\ t u distribution simih 
to that of tlu myelinated ones whidc tlici rtpardeil ns senson. and^ 
arrvnged m bundles bctwetii the nnchnated fibers m the o\nl fascicle 
Ihey occur onK in small mnnhers m the upjicr tlinracie Mpments, butar 
present in greater abundance m tho-'C segments of the s\mjnthetic trun 
in which the large and incilimn-sirctl inxehnatcd libers are more miaicrou; 
The possibility that some of the unmxehnatcd fibers are prcganglioni 
axons xvluch ha\e lost their mxtlm sluiths is not iirccludctl lu the dw 
here presented, but RaubOii and Billiiigsie> (191S) ha\ c demonstrated, » 
degeneration experiments tlmt thqy arc f)l)en> which take origin from cell 
in the spinal ganglia 
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In the sacral region, the s>inpathctic trunk tnntiins both m^cllIntc(l 
ind unni\ elinatcd hberb V crcscent-^h'ijKcl f i‘;ciclc like the one described 
in the thoncic region does not occur here hut the nnnnclin itcxl fibers run 
m bundles atnung tlic nn diluted ones Most of them ire descending 
components of the lower thoncic iml upper luinb ir nerves (Johnson, 1921) 
The\ include both preganglionic and Msccril nlTcrcnt fibers xVccordmg 
to Iohn‘?oii, 1 irgc nn clinatcd fibers also enter the sacral s\ inpathctic 
trunk through tlie gra\ rum of the lower lumbir iind sicrd nerves lie 
demonstrateKl b\ elegeuerition c\|Krumuts tint these irc dorsd root 
fillers and therefore afTerent in elnrictcr I lie jiossibilitv tint dorsal 
root fibers mav enter the svinpithetie trunk throvigli gnv nnu vv vs pointed 
out bv Langlev (ISOG) but lie did not inticipitc that tbev do so in such 
large numbers vs is ludic vteel bv Johustni’s olise rv vtions 
ihe results of an cvpennientnl uutoiincal stiidv reported bj Kiintzand 
I arnsworth (192S, 1911) support the assumption tint the grav coiiitnum- 
catmg rami joining the briclud and hnnho'^Knl plevuses inehide invel- 
inatcd fibers of rel itiv civ large incHlitmi ind sm ill si/es, in iddition to the 
unnivehinted ones Iho luvclnmted fibers of 1 irge and nicdinm si/es 
undergo degenention following ''cetion of l>oth roots of the tliorieie and 
upper lumbar nerves distal to the ‘'pniil ginglii or He turn of the white 
communicating rami and tlic svinpithetit trunk proxinnl to the ganglia 
from which the griv nnu in ([lUstioii irise Since no efTcrent fillers are 
known to p iss through tlie sv inpatlietie trunk into the gr.vv comnninic vting 
rami, the fibers m tlie grav rum which undergo dcgemntion following the 
sections indicitcd above must he rigardetl as (oinponents of the dorsal 
roots of the thoncic and upper hiinlur nerves whitli trivcrse the svinpa- 
thetic trunk and gnv comnumic itiiig nnu to join the somatic ranu of the 
spinal nerves for pcripherd distribution Ihe ifTerent fibers which 
enter the bncliid ind lumbosacnl plexuses rcspeetivdv , through the 
vvmpathetic trunk and grav rami probablv arise in the spinal ganglia 
Connected with the segments of the spinal cord from whicli the corrcsiiond- 
ing preganghonic clTercnt fibers emerge 
In an expeniiiental stud> of the (listnbiition of fibers of spinal origin 
in the svanpatbetic trunks hj me ms of tlic degt iicration method, Matsiii 
U92o) observed, following section of the roots of one or more thoracic 
nerves m the dog tliat m some instinces a small number of fibers also 
underwent degeneration m the svinpithetie trunk on the unoperated side 
le concluded tli it preganglionic fibers which enter the sjonpithetic trunk 
on one side, in some instances cross over in sm ill numhers ind enter the 
Hmpathptic trunk on the opposite side 'Ihc paths through which such 
the opposite sympathetic tnink were not determined but they 
probablv traverse the rami which connect the ‘sympathetic trunks 
^ Ratio of Preganglionic to Ganglionic Neurons —Quantitative studies of 
arious autonomic ganglia and the preganglionic fibers which enter tliem 
icate that the neurons in the ganglia outnumber the preganglionic 
A single preganglionic axon coiiscquenth , must efiect synaptic 
^^nnections with more than one autonomic ganglion cell Extensive data 
M preganghonic fibers to autonomic ganglion cells are 

On j isolated studies bearing on this ratio hav e been report! d 

g ® of carefully executed actual counts of the ganglion cells m the 
nor cerv ical sympathetic ganglion and the my ehnated nerv e fibers m 
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General Morphology oi Ganglion Cells —The mtonomic g'liighon celh 
ire multipolar neurons a\ith aanablc miinhers of (lenclritic procosse-^ 
In general the\ arc iggrcg ited in g uigliii v hicli art more or less defimtcK 
delimited and cnclobcd m tonucctiec tissue tlps^le^ In all the larger 
ganglia the p(rikar\oii, or tell bod\, of c\cr\ ginghon cell is enclosed in 
a delicate cell capsule x\luch is penetrated b\ ill the longer dendrites 
The autonomic ganglion cells aare in form and size aMtliiii rchti\el\ 
■wide limits In mammals, including man, the cell bodies of some of these 
neurons are oaal m outline, those of others are pxnform, globose or pol\- 
gonal In some instances the form of the cell bod\ depends on the char- 
acter of the larger c^toplasmlC processes, in others it is modified h\ its 
relationships to adjacent neurons or other tissue elements Phe auto- 
nomic ganglion cells naturalh fall into three categories on the basis of the 
aolumes of their cell bodies large, medium sizccl and sin ill In man the 
maximum di iineters of the large ganglion cells \ an from 35 to 55 or c\ en 
GO microns, those of the medium si/c(l ones from 25 to 34 microns and tliosc 
of the small ones from 15 to 24 microns (do Castro, 1932) 'ihe ganglia 
areriot all comparable with respect to the sizes of their constituent gang- 
lion cells The cells of the several volume categories aKo varv m propor- 
tion to those of the other categories m difTercnt gangh i Vccordmg to 
de Castro, the largest of all autonomic g inglion cells occur m the superior 
and middle ccr\ ical s\ mpathetie trunk ganglia Ganglion cells of medium 
sizes predominate in most of the autonomic gingha except those of the 
sympathetic trunk In the latter, large and sm ill ganglion cells occur 
m approxiinatch equal miinbers, except in the superior cervical ganglion 
m vv Inch large ones predominate In the prev crtcbral ganglia, the ganglion 
cells exhibit greater uniformitv m volume Ihe mwimiim diameters of 
most of these cells fall within a range of 35 to 12 microns The greatest 
cjtometnc variations undoiibtediv occur lu the ganglia which are most 
complex structurallv and functiomllv 

All the c} toplasmic processes of a ganglion cell except one, w Inch repre- 
sents the axon, maj be regirded as dendrites The length of the axon is 
determined bj the anatomical relationships of the neuron, but whether it 
be short or relativelv long it represents but a rclativclj small percentage 
of the cjtophsm of the neuron Tlie dendrites varj in numbers, lengths 
and calibers within rehtivelj wide limits Thej ma> therefore represent 
a rehtiv elj large percentage of the cy toplasm of the neuron or onlj a small 
portion of it 

Cytological Structure — Neurofibnls —Neurofibrils are constant constitu- 
ents of autonomic ganglion ceils Tliey are present throughout the cyto- 
plasm, including the axon and dendrites (Fig 9), but vary within a wide 
range m abundance, distribution and arrangement Preparations of 
ganglia in whicli the neurofibnls are abundant m most of the ganglion 
cells, and well stained, reveal some cells in which these structures m ly be 

( 43 ) 
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obscncd only m the. c\topIn>>mic proccssti nnd tlic ptrii)hcnil 7(me of the 
cell bod>, but not in the pcnnuckar 7oiic ]n such tells the ndinifilinh 
appear more delicate than in tliosc in a\hich the neurofibrillar structure is 
more abundant In nianj j^jiuRlion cells the nturofibnis seem to run smpK 
or in small bundles tliroupli tlie cell bo(l\ m snnous directions m ollurs 
the> appear to interlace a\itli one niiother, the deeper fibrils fonnin^ a 
perinuclear plexus I lie nturofibnis in the deeper jHirtion of thi txtophsni 
appear to be urranped witli refercntt to the iiiieltii->, those m the super- 
ficial portion with reference to the iienpherv of the cell 1 khI\ and the 
dendrites In main ganglion etlls the deep nnd sujierfieial complexes of 
neurofibnls are quite distinct hut not independent of one iinotlier Cnjal 
(1905) recogni/cd tlie»e tuo ncurofiimil ir eonfignritions and dt'scnhtxl a 
pcnplitral nnd a penmrcleir ncimdihnlhr network I aigiitl-Unnstino 
(1905) ;nd jMieh ulow (lOOS) nl'^o rce<igni/ed tlK*s( nenrofibrilfar arrange- 



Fic 9 — bjmpathetic ganBljon cell (human) drawn from a pj-rnime aiUer preparation to 
illustrate the ncuroGbrdlar structure 


ments In preparations in which the neurofibrillar structure is well differ- 
entiated, neurofibnls h mg parallel to one another ma\ be obsen ed in tlie 
axons and dendrites tlirougliout the greater pojt of the lengtli of these 
processes Not mfrequentl> rndnidiial neurofibnls maj be traced from 
the axon or a dendrite into the cell body where thev take part in some 
particular configuration pattern Indnidual neurofibnls ma\ onlv rarely, 
if e\er, be traced from one cell process into another through the cell bod> 
The exact nature of the neurofibnls os j et ib imknow n Since thej ha^ e 
been demonstrated m In mg neurons (Bozler, 1927) the\ maa not be 
regarded as artifacts Thej are not homogeneous but possess a central 
core which is let>s rigid than the peripheral laaer Thej probably are 
functionally related to intracellular metabolism (Parker, 1929) but the 
e\idence on which this h^pothesls is ba'sed cannot be regarded as con- 
clusn e Not infrequently ganglion cells exhibit lij pertrophj of the neuro- 
fibrils which probably has pathological significance (Michailow, 1908) 
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Chroimdial Substance — \utonoinic g'tnplion cells, like other neurons, 
possess chroimdnl substance (Pig 10) 'Ihis substance appears ^elatl^cl> 
earh and is fairlc abundant in most of the autonomic ganglion cells m man 
before birth In the new born the autonoinit g inglion cells exhibit approxi- 
mateh the same r mge of ^ amtion m the si7ts of the chromuhal bodic-^ and 
m their distribution as m the idnlt (Spitgcl and Vdolf, 19J22) 



Fia 10 —Sjinpatliettc Binclion cell's (cat) A ^elected to illustrnie normal distribution 
of chromidial substance m rc ting cells B bclcctcd to illustrate \ariation3 in the distribution 
of the chromidial substance 

According to Ping (1^21), who studied the de^ elopment and distribution 
of the chromidi il bodies m the largest cells in the superior cer\ ical s\ mpa- 
thetic ganglion of the albino r it from birth to matunti , these cells exlubit 
progressu e changes in the qu mtit\ of the chromidial substance and in the 
character and distribution of the chromidial bodies During the first 
twent) da\s of postnatal life, the chromidnl suhstincc is fairlt umformlv 
distributed throughout the cjtophsm and the chromidial bodies are re- 
latneh small but before the close of this period, a beginning of aggre^ 
gation of the chromidial granules is apparent in some of the cells The 
chromidial bodies m the cells m question later become larger and stain more 
intensely Before the sixtieth daj of postnatal life, the ehromidial sub- 
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stance in the majontj of these celh is nH»rcp'ite<l citljcr m tlte peripheral 
or the perinuclear 7onc IManj of them also exhibit t!ic same modes of 
distribution of the chromidinl substance following this period In Men of 
the effect of cellular actuiti on the abundance and distribution of the 
chromidial substance in panplion cells it is not improbable tliat the 
\ ariations which Ping described ns correlated w ith age ina\ be expressions 
of the metabolic states of the cells and oiiK indircctli dependent on ape 
In the autonomic ganglion cells the chromi<lial substanci is affected by 
cell acti\it> and f tigue in csscntwlh the same manner as m the neurons 
m the cerebrospinal mnous sistcm Vns (1802) ohscritxl tnlargcmcnt of 
the cells and dispbriment of the chromidial substance towanl the i>cr- 
ipher\ in the cen it il \ mp ithctic ganglia follow mg stimulation for fifteen 
minutes Lambert ohscrvtd similar ngprcgation of the chromidial 

substance in the junphci il 7onc following stimulation, but no changes in 
the sizes of the ganglion cilU Maim (1801) ohscracd enlargement of auto- 
nomic ganglion cell fliirmg cell ncti\it>, am! shrinking of Imth nucleus 
and cjtoplnsm a« tne < dK liccomc fatigued lie nUo mmntamcel that the 
chromidial hodir be ,ine rnlargctl during moderate cell actii it\ , but pro- 
longed stimulation re ulti m diminution in the quantiti of the chromidial 
substance Lugui) il 80 ->) also reported an initial cnliirgenunt of both the 
cell bodies and the mi' Ici of autonomic ganglion cells due to cell ncti\ iti 
According to h\a oliNCTsations, if the^c cells arc subjeetexl to prolonged 
stimulation, the tn' irHonu nt of the cell boeU reaches its maximum in fi\c 
minutes and that ol the nucleus m tlurtj mmutes After this Imlli the 
cell bodj and the mulcua undergo diminution m «17C, rapiilK during the 
first few hours, and tlitn more dowlj Ilcnlso mamtamed that thechromul- 
lal substance w as increased during the carU phases and dimmishcd during 
the later phases of cell attniti As the cells became fatigued tho\ also 
exhibited a more diffuse distribution of tlic cbromidia! substanex! Section 


of the preganglionic fibers to the superior cen ical snnpathttic ganglion 
(cat rabbit), according to Sternschem (1921), resulted in clmngca in the 
chromidial substance and dumnutiou in the si/e of the neurons m this 
ganglion The chromidial bodies became larger and more compactli 
aggregated and assumed a somewhat fibrous appiarantt Thes also 
reacted more mtenselj to basic stains T he progrc''Sia e changes in the 
chromidial content of the autonomic guighon ctlN during stimulation 
have been studied systematically by Lndsbaw^ (IHIO) and Ingersoll 
(1932) Their resuhs clearly demonstrate that cliromidiil substance is 
consumed durmg cell actu ity ind tliat the ganglion cell at first responds 
by increased production of this substance If stimulation is long continued 
the r ite at which the chromidial substance is produced falls below that at 
i^ich it IS consumed and the supply becomes depleted In general, the 
changes described by Bradshaw and Ingersoll are comparable to the 
progressive chang^ m the chromidial substance described bv Dolley 
(see Chapter .\yilp m certain neurons m the central nervous system, 
particularly Purkinje cells m the cerebellum, during stimulation 
wgment -lhe occurrence of pigment m autonomic ganglion cells is of 
peculiar mterest in relation to intraceUuKr metabolism 1 he presence of 
pigment in the ganglion cells of the syonp ithetic trunk and the prev ertebral 
plexuses in human fetuses of six or seven months has been reported (de 


’ Unpublished data 
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Castro, 1923) Its prc'^cnce in tht newborn and durinjj the carl^ \cars of 
life Ins been ob‘5cr\c<I b^ aanous iii\ cstigators (I ubimofT, 1871, ^ ass, 
1892, Pdz, 1895, Spiegel ind \do!f, 1022) 

The pigment obscr\ cd in the intonoinic ganglion cells, like that in other 
parts of the neraous s\stcin is of two kinds (a) \eIIow lipoid pigment 
which IS soluble in alcohol, ether and other fat ‘;ol\ ents and reacts to fat 
stains, and (6) dark inelinotic pigment winch is higlih insoluble llic 
hpoid pigment arises earlier than tlic iiiclanotic ingmeiit but is rareh 
obseracd in sections of autonomic ganglia unless fat soKcnts ha\e been 
a\oi(led in their preparation Mcluiotic pigment is rireh present in 
abundance in the uitoiioimc ganglion cells m the \oung except in associ- 
ation with pathological processes Vceordiiig to Spitgel and \dolf (1922) 
and Herzog (1931), the two kinds of pigment represent di\ersc hut iiitlc- 
pendent stages in products resulting from intracellular metabolism llic 
lipoid and melanotic pigments probibK are not gcneticalJv rclatcfl to one 
another, hut reprc'sfnt well-defined morpliological entities both m their 
origin and from the st indpomt of their ehemic d nature (dc C istro, 1932) 
Melanotic pigment is rcl iti\ cK scarce in the g uighon cells of sm ill mam- 
mals but aliounds in tliose of the ruminants and xanous other larger 
mammals, intluding the primates (de Castro, 1023 1020) 

Nucleus — 1 he nuclei in tlic aiitoiiomic ganglion cells are similar m 
appearance to tlie nuclei m the neurons m the ccntril ncrxous sxstem 
Ihex usualK arc rclati\el\ large, rounded or o\ il m outline and contain 
rehti\el\ little stannhlc inntcnd except one or more nucleoli In most 
of the cells the nucleus is ccntrilh located Imt m man\ it occupies an 
eccentric position In faxorahlc prcpintions, the nucleus exhibits a 
reticular structure and is scpinted from the cvtoplasm In a distinct nu- 
clear membrane 

In man the autonomic g uighon cells, with few exceptions, are uninu- 
cleated Bmucleatecl ganglion cells, according to Spiegel and Adolf 
(1920), are not uncommon in the uitonomic ganglia m aoung persons 
The\ also reported the occurrenec of multimieleatcd autonomic ganglion 
cells in the newborn \ccor(hng to their findings m luiinan material, the 
hinucleated ganglion cells diminish m number with adxancing age The 
obserxation tint binuclcated ganglion cells occur quite commonh in tlie 
autonomic ganglia in x nung persons, hut oiilx rareh in the aged, led Spiegel 
and Adolf to adx ance tlie opinion tint these cells retain the capacitx to 
undergo duision xxithout further nuclear changes and that such dixision 


occurs exen during adult life Dc Castro (1923) also regarded the binucle- 
ated autonomic ganglion cells as reserxe cells xxhich maj still undergo 
duision The occasional occurrence of two ganglion cells m a common 
cell capsule lends support to this theorx In certain mammals, particularly 
rodents, hinucleated autonomic ganglion cells occur in relatixelx large 
numbers (Marmesco, 1898, Spiegel and Adolf, 1921, de Castro, 1923) 
Nucleus plasma Ratio —B\ careful measurements, Spiegel and Adolf 
UJ22) found that the nuclei of the larger ganglion cells m the autonomic 
Sanglia in man ha\ e diameters of 12 to 13 microns, while those of the smaller 
ones haxe diameters of 8 to 12 microns In \oung children, according to 
neir obser\ atioiii,, the nuclei of the autonomic ganglion cells are iiearh 
nniform m size regardless of the sizes of the cell bodies Those of the 
smaller ganglion cells are larger m proportion to the size of the cell body 
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true gra\ communicitmj; nini do not occur, but the axons of all the neurons 
in the gangln of the sMnpithetic trunks are In^cII^atc{I I\I\elinated 
autonomic neiac fibers also ha\c been dcscniicd in the Vmphibn IMost 
of the accounts of tlic autonomic nciacs in fishes and reptiles refer onI> to 
unln^ehnated hbtrs lliedata uailablc it present arrant no conclusion 
regarding the significance of iiuclin shciths in the autonomic nerious 
s\stem Neither do thc\ indicitc that the iinchnatcd autonomic fibers 


differ functionalK from those dcioid of niMlin 

Autonomic End formations and the Neuron Theory — 'Ihe axons of auto- 
nomic ganglion cells mIucIi terminate m relation to smooth muscle coin- 
monl} form delicate plexuses around indn idiial muscle fibers or groups of 
fibers Hoffman (1907) adianced the opinion that the terminal neural 
structure m smootli mu'iclc is a plexus composcil of fibrils uhicli gi\e rise 
to loops Mhieh he m rfl ition to muscle cells but the fibrils go on without 
interruption Miclnilow (1908) also supported the t!icor\ of a terminal 
plexus but described free terminations which, in fa\orible prep vrations, 
show ring like and net -like fibrillar structurc'v Ihc axons which termiiiatc 
in relation to gland cells, according to most obscriers, form a plexus ul- 
jaecnt to the incmbrina projina, from whuh insc fibers which penetntc 
the merabraTva and tcnnvn \te m relation to the gland etUb 

Ihe results of extensile painstaking histological studies m which 
attention has been focussed on the tenmn il ticnous structure m tlic tissues 
inner\ate(l through the autonomic iicnes and the so-called interstitial 
cells associated with the enteric plexuses ha\c niswl pertinent questions 
regarding the a ihdit} of the neuron thcorj 'J hcsc questions lla^ c been 
discussed extensiicK pirticularl% b\ Bockc (19-10) 

Terminal structures m «!inooth muscle ha\c rcpcatcdh been described 
as end-nngs or end-nets, but main iinestigitors using the specialized 
nieth\lene blue and sih or technics ha\ c been impressed w ith the difhcultj 
of obtaining preparations in which tcrmin i! structures of this kind can be 
demonstrated I’reparations m which the ncrie fiber bundles are success- 
fully impregnated not infrequcnth fail torcical free terinmil structures 
but show well impregnated fibrillar networks, m intimate relationships 
With smooth muscles and glands which ha\c been ^ arioush interpreted as 
nerie and as connectne tissue 

Stoehr, Jr (1932, 1935) and Reiser (1932, 1933) h n c described a delicate 
fibrillar structure, the ‘termin il reticulum,” in autonomiealK innen ated 


tissues which they regard as continuous with the axons of autonomic 
ganglion cells and with the protoplasm of the inner\ ated tissue elements 
As described and illustrated b^ them this structure resembles a meshwork 
of connecti\e tissue fibers Since certain connectne tissue elements max 
be impregnated in silxer preparations or stained with metlnlene blue 
certain im estigators, particularlx Nonidez (1936, 1937), ha\e bein unvble 
to accept the conclusions of Stoehr and Reiser regarding the relationships 
of the so-called terminal reticulum to the autonomic nerxes but regard 
It as a connectne tissue structure without continuitx xvith the nerxes 
fiK 1 0 ‘^tensixe senes of studies Boeke (1933-1930) has described a 
nbnllar structure associated with the lutonomic nenes which he his 
called the “ground plexus ’ This structure w Inch consists of unmxelinated 
fiK^i^ ^bers arranged m strands or flattened bands of x ery delicate neuro- 
sis is present throughout the body It is commonly associated w ith the 
4 
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such 'IS the ground plexus described bx Bocke, xxlncli 'ifTords rchtixeK 
large 'ire'is of junction'll tissue, stems to meet the phxsiologic'il require- 
ments for the tr'insmission of nerxc impulses more coinpIetcK tlnn minute 
free terminal structures K ing here and there on the surface of the effector 
elements or an nKliffercnt terminal rtticulnm which surrounds them 
Ihc neuron thcor\ has plaxcd \ more imiKirtant role m the uhancc- 
ment of neurologi than tlit doctrmc of the continiiitv ofntnccclls Uic 
phxsiologic concept of the sjnapst iindouhtodK is x did Ihc neuron 
thcon in its classical form ohxioiislx does not take adequate account of 
the more modern concepts of the minute structure of the organism and the 
arrangement of its ncr\c>> It should therefore lie modified Init not nbin- 
doned Ex cn though the structure through which impulses are transmitted 
from the autonomie axons to the effeetor cells should ln\ c to be regarded as 
sxncxtial, a sxnaptic arrangement of nntonoinic neurons would still remain 
necessarx 



Dendrites — Ihe autonomic gmglion cells \ar> witlim wide limits in tlie 
numbers and the morphological characters of their dendrite-s These 
processes may be broad at the base and taper chstalw ard or tliex m i\ be of 
nearh uniform diameter throughout the greater part of their lengths Thex 
commonij gixe rise to branches and frequentiv exhibit \ inensities and 
other irregularities lhe> also include neurofibrils which m fuorable 
preparations, max be traced into their terminal branches Tlie broader 
proximal portions also include chromidial bodies AI mx of tlie short 
dendrites he wholly xiitlun the ganglion cell capsule 'ihc longer ones 
usuallx penetrate the ganglion cell capsule and rainifx more or less widelx 
xvithm the ganglion (I ig 11) In some instances long dendrites extend 
bej ond the border of the g inglion in fiber bundles associated xx ith it 
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Two g-inglioH cells joined together b\ a otoplnsinn bndgi In\c been 
observed particularly m tiicin\tntcncplt\ns (Cok, 1021 , ^^nddtll, 1928) 
In most instances the cells joinc<l in tins iiinnncr he close togctlicr, in some 
they arc remoaed from one another In a ilistancc equal to several titne*s 
the diameter of a ganglion cell IkmIv Aimstoinosing ganglion cells proln 
abh are relatively imcoininon Cole (1921) ndvanted the opinion tint 
they belong to the same categorv us bimickatcfl ginghon tells but the 
data on winch this opnmon is luseil cannot be rcgardwl ns conclusive 
Classification of Ganglion Cells— llu mon’bologtcal cliiirictcrH and 
the distribution of the dendrites h nc Ikcii used as critcrm for classifitntioii 
of the autonomic gniglinn cells In his tnrlv studies Dogicl (1890 1899) 
dcicnbod g inglion celb of three inon>hologic d tv pes winch he rtganlctl as 
distinct from one another Vtcording to Ins itcomit bistsl mainlv on 
preparations of the cardiac and tht tnteric ginglia, tlic ginghon (clls of 
type I have a long axon and short ilcndntes which bruich frcclv in the 
vicinity of the cell liodv , those of tyjic II are clmrvctcrircxl bv long branch 
ing dendrites many of which in the ontinc can il ttninnitc m relation 
to the mucous epithelium, and an a\on wlncli nrbonres w itlini tlic ganglion 
those of type III have dendrites of medium length winch nrlmrirc around 
cells m the same ganglion or an adjaeint one, and a long axnnc Cnjal 
(lOOo) also Tccognircvl ganglion cells of three morphologic vl tvjKs Ilia 
descriptions of tlicsc cells arc haicd mainly on preparations of the superior 
cervical ganglion in man Ihosc of tvpe 1 have short mtne ipsular and 
glomerular dendrites, those of tvpe 11 have long tlendritcs and tho«e 
of tvpe III have botli short and long dendrites (nuiglum cells of tv pcs I 
and III occur rehtively mfrequentU m the aminak n)o«.l c'ommonls wscvl 
in the laboratorv (cat, dog, rabbit) but m greater alnmdnnci in tlie larger 
mammals and more pirticulnrlv m the prnmte> (de Castro 1923 192l>) 
The short intracapsular dendrites commonlv tcmnimto within the wall of 
the ganglion cell capsule, sometimes thev fonn a crown or a nest around 
the ganglion cell body , and in some instances a glomenil ir structnrv w ithm 
the ganglion cell capsule The long demlritis ire less nunicnnib than the 
short ones Ihev penetrate the ganglion cell capsule and become arrangwl 
in dendritic tracts or fasciculi glomenihr plexuses and dcndntic crowns 
and pericellular dendritic nests Cajal s cla«!sification lias been accepted 
by various investigators, inclnding ^lanncbco (1900), 'Muller (1909), 
Term (1922), de Castro (1923) and others 

De Castro (1932) adopted a classification of autonomic ganglion cells 
which differs somewhat from that of Cajal outlined above It also is 
based on the morphological characters of the dendrites but takes, into con- 
sideration their distribution and their relationships to adjacent ganglion 
cells 

Type I Cells with Primordial or Long Dendntes —Ganglion cells of this 
type V ary m sizes and forms but their dendrites are inainh long processes 
which mav arise from all parts of the cell body or from limited areas of its 
surface In man and other loi^e mammals during adult life, some of the 
dendrites of these cells branch onlv spanngly and are of approvmintelv 
uniform thickness throughout tlie greater part of their length, others giv e 
rise to many branches some of whicli remain relatively short Dendrites 
vwth thickenings from which brandies arise which have greater diameters 
than the main stem are not uncommon Tenestrated dendntes also occur 
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In tlie prinntes including imn the nutonoinic ganglion cclK -ire iininh 
of the long dendritic fvpe during litt fctil life ind childhood 'ihe con- 
dition of the dendntcb ^^hlch obtains in adult life is attained b\ a gradual 
process in Mhich the most conspicuous changes take place from the sixth 
or eighth to the t\\ent\ -fifth \cir During adult life, ganglion cells \Mth 
long dendrites abound in the sMnpithctic trunk ganglia and arc most 
numeroiib m the prcvertcbral ganghi In their inaturt condition man\ 
of the ganglion cells ^Mth long dendrites ilso haic shorter, acccssorx 
dendrites Man\ dendrites exhibit ‘colhtcnl tiMgs ' mIucIi arc cither 
simple or sparseh branched Ihtse twigs iceording to dc C istro (1023), 
constitute rcceptu c mechanisms, the so-c died “receptor plates and coll it- 
eral glomeruli ’ 

Throughout the autonomic nervous svstcni the tcnniml arbon/ations 
of the long dendrites and their eollater d tw igs irc arr inged in ch iracteristic 
configurations in definite arc is of the gingln Vot uncoinmonlv the 
terminal branches of dendrites arbori/c around the cell bodies of other 
ganglion cells, fonning the so-c died pericellular dendritic nests of Cajal 
(Fig 12) These arc not accidental arr ingcincnts but mechanisms 
tlirough winch tJic dendrites m question eflcct svnaptic contacts with 
preganglionic fibers whose terminal branches irborize iround the same 
ganglion cell bodies (C ijal, 1900, dc Castro, 192d) 



In some instances the terminal branches of long dendrites ramifv among 
those of one or more ganglion cells with shorter dendrites the terminal 
branches of which form a glomerular structure winch mav be enclosed in 
a common capsule This probably is not a common arrangement Cajal 
(190G) described it in the superior cervical ganglion m man De C istro 
(1923) also recognized it in other ganglia of the smpathetic trunk 
Most of the long dendrites are arranged in fasciculi or tracts of various 
sizes, the protoplasmic tracts of de Castro (Fig 13) Dendrites of numer- 
ous ganglion cells are intimatelj associated w ith one another in such tracts 
Oajal (1900) observed that manv dendrites terminate bj means of olive- 
shaped enlargements m the protoplasmic tracts According to de Castro 
(.193-), some protoplasmic tracts traverse a ganglion without receiving 
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dendritic terminations, others receive such tcnnmals in lar^c numhers 
Ihe latter appcir ns trmnguhr or olive-shnped swcUinRS hearing small 
divergent procc's'^cs articulated with prcguiglmnic fibers 
The ino>t common mode of tcnninatimi of the dendrites of autonomic 
ganglion cells, according to dc Castro, is that which he has designated the 
“receptor plate ’’ Sucli a structure involves terminal arbonrations of some 
dendrites and short collateral twigs of others All tlic ilcndntes involved 
m such a formition prohihlj receive impulses eomluctc'd bv the same 
jiregangliomc ixons 



Fio 13 — Drawing from a section ot a rebac eanclion (Iniman) preparwl by a rno<lifiealion 
of Cajal s silver teehmc to illualtAte arrangcmcRV ot looR dendrites in faaevenU or tracts 


Type n Monocellular and PluncellalarDendntic Glomeruli —Cajal (190C) 
described glomerular structures m tlie superior cerv ical svanpathetic gang- 
lion in man consisting o! one tvio or more neurons which in some instances 
are enclosed m a common connectiv e tissue capsule This arrangement of 
ganglion cells has been described m greater detail bv de Castro (1923 
1932) A glomerulus which involvesbut a single ganglion cell is arelativelv 
simple structure Most of the dendntes arise from the cell bodj m a 
limited area Thej are mainly short processes w Inch gu e rise to numerous 
branches which form a glomerular plexus near the cell bodj If a glomer- 
ulus consists of tw o ganglion cells most of the dt ndntes of each are directed 
tow atd the other, their branches formmg a glomerular plexus betw een the 
two cell bodies If several ganglion cells are involved in a glomerulus 
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thL\ u^inlK nre 'imngwl -xt the pcnplien of the group (I ig H) 
of the dendntcb of these cells '\tc directed toi\'ird the center of the group 
Mhere thej form i glonieruhr plexus In larger glomeruli ganglion tell 
bodies also appear in the central area Not all the dendrites w Inch become 
imoUeil in a glomerulus terminate \Mthm it Some emerge from it and 
enter a jirotoplasmic tract or another glomerulus Glomeruli al«o rcceiic 
long dendrites of ganglion cells u Inch arc not incorporatcil m it Dendrites 
of a ganglion cell ineorporatwl in a glomerulus uUich <lo not enter the 
general glomerular plexus ma\ terinmatc iii pericellular ncsts around the 
cell bodies of adj icent gmglum cells within the same glomerulus or in small 
accessors glomeruli in\ol\mg one or more dcmlntcs of adjicent ginglion 
cells Glomenil ir amnpeinents of g vnghon cells iceordmg to de C istro 
(1923) are less common in the sm dlcr niainm ils than in tlie 1 iii,er ones, 
including man 



Fio 14 — Drawing from a preparation of a ccliac gi^nglion (human) showing ganglion cells 
in glomerular arrangement Dark fibers represent preganglionic x\ons (KunU 1038 eouttcs> 
of Jour Comp Iscurol) 


From the functional point of mcw, according to de Castro (1932), a 
glomerulus maj be regarded as an intraganglionic nucleus made up of 
neurons w Inch are isodj namicallj associated w ith one another, all of w Inch 
receixe impulses through the preganglionic fibers whicli terminate in it 
Glomeruli arise earl\ m embrxonic deeelopment and persist throughout 
life, becoming more complex with adtancing age 
Type m Cells with Short or Accessory Dendntes —This categort includes 
pnghon cells with onlv short dendntes and ganglion cells with short and 
long dendntes In the human fetus and the xerj aoung infant, according 
to de Castro (1932), the short dendrites under discussion either are absent 
or present m ^e^} small numbers The\ arise during postfetal life and 
develop sWh (Term, 1922, de Castro, 1923) Man^ ginghon cells -ahich 
p hrst haxe onh long dendrites gradualK de\elop short ones The 
buddmg and growth of accessoia dendntes takes place mainlv from the 
eighth to the f ourtepth j ear Short processes w hich w ere already present 
aho increase m thickness and max gu e nse to branches during this period 
iMan> o! the accessorj dendrites do not penetrate the ganglion cell 





AUTONOMIC OA^anO\ CIIIjS AM) aA\GIIA 


5(> 

cip'julc (1 Jg !'») Ihcj nia> be thick or thin Some arc unbmnchwl 
others {,i\c rise to ft\^ or a larger number of Iinnclits ulncli end in ‘jinall 
knobi or ‘spherical enlargements of MinablcM^cs Some tcnnnnl brandies 
exhibit tuberosities or bend like structures Still others taper to a sharp 
point Gnnglion cells \Mtb short (Icmlntts «re less tomnion m tlic smaller 
m immals thnii m the larger ones, including in in 



Tto 15 — Ritifilion cclb (tiuman) wiUi ions nnd *liort (acervoO) dcmlrites 
Tlio eiiort dcndnieji ar« mnmU mtracapfuhr 


Type IV Fenestrated Ganglion Cells —1 tutstritcnl gnnghon cells occur 
m small numbers pirticiihrlj m the ctplmhc autonomic guiglin of unn 
and other large m immals In some ciscs the ftne^trations appear as 
simple tracts rc'cmbhng cup*hnndltJ> or as fibers i\lnc)i anastomose tilth 
one another near their origin, m others thci are morctlaboratc and inNoUe 
stout dcndntic bnnthcs mIucU anastomose KpcatwlK Ganglion cells 
nith perforations m the peripheral zone of the cdl bod\ aUo liaNC been 
obsen ed 

Type V Small Ganglion Cells —Some of the small g uighon cdls, particu- 
larlj m the sjanpathetic trunk ganglia, retain the general appearance of 
>oung cells througlioiit life Tliei do not attain the decree of differenti- 
ation reached bi the other ganglion cells and fall uithin a range of 15 to 
24 microns in maximum diameter Tlic cell bodies ma\ he oi oid or p\Ti- 
fonn and possess fen dendrites nearly all of nhich are long but only of 
moderate length Although fairly numerous in the sianpatlietic trunk 
ganglia, cells of this ty'pe occur ouK rarely in the celiac and incscntcnc 
ganglia 

Structural Characteristics of Autonomic Ganglia —The autonomic 
ganglia \ary nittun a nide range in form, size and the number of their 
constituent ganglion cells In general e\cry ganglion is enclosed in a con- 
nectixe tissue capsule and exhibits a connectue tissue frameivork which, 
in sections of most of the ganglia, is relatueU inconspicuous The inter- 
stitial connective tissue is contmuous with the connective tissue capsule 
J-t IS present throughout the ganglion and the mtraganghonic blood v e&sels 
axe un^ded in it Slit like lyaupb spaces connected w itli the lyanpVi 
^anneis in the ganglion occur m proximity to the ganglion cell capsules 
the relationships of these spaces to the latter suggests that tlie endothehal- 
liKe cells lining the capsules play an important role in the metabolic inter- 
cnange of materials and degeneritive processes involving the ganglion 
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cells lhc<?imlltr tcnnnnl pinpln e q tho^c in the mil of tlic enteric 
cirnl, ire !t^s slurpK (klumtecJ Jlie\ »ri snrroundiHl l)\ connects c 
tissue but x ckirK (kfinc<l t ip^xilc js not 'ippircnt in ill cases 

Vinong the conspicuous stnictiiril ftiturc-' m ♦•cttions of i ginghon arc 
the iiene fibers mIucIi enter it niui tlm^e which arise from its constituent 
ganglion cells Ulie bundles of nine fibers which enter a ganglion pursue 
more or le^^s regular cour'ts in *-omc inst iiiccs but exhibit no regular 
amngeinent on others Ihc'e hiimllos constat niunl\ of preg inglionic 
fibers wlucii tcrininitc m the g inglion uid prtg inghonie and iifTcrcnt fibers 
which truerse it In gtnerd the long dtiidriUs of tlu ginghon cells are 
arranged in dendritic triets or fistieiih Smie of the siiort dendrites 
hee-oine issociited with the“sc triets pirtieiil irl\ through their tennind 
hnnehes, others gi\e r:*>e to gloinertilir stnietures in winch dendrites of 
two or more uljieeiit ginghon cells intertwine witli one anotlier In 
sections, groups of ginghon tells with long dendrites not uneonunonh 
appcir to he scpiritexl from one another h\ the ekiidritic triets G inghon 
cells whose dendrite's intertwine in dendritic glointrnli constitute more or 
less (IcfiniteK ttreiunserihe'd gloineriihr group-x (1 ig 14) Ginghon tells 
with both long and short dendrites in i\ he associitcd with adjacent 
neurons both through dendritic triets and dendntie glomeruli 
"Most of the autonoinie g ingli i inehnlc g inglion cells of di\ erse morjiho- 
logical t\pes but ‘^oinc exhibit greater diicrsiii than others m this respect 
The superior cer\ie d simpathctic ginghon meludts ganglion cells which 
clifTcr ivulcK in their morphologic il eharicters ineludmg sire Most of 
them halt both long mid «?hort iknelritts Ganglion cell glomeruli are not 
uncommon lhc\ comprise one or more g inglion cells ind mu he ro- 
girdcd as small isodi n umc g' inglion cell centers (i inghon tells of 1 irge 
'iml meiliuin si/es lonit of the dendrites of wlntli end m dendritic plexuses 
Vihich are less higliK dilfereiitiatcil than the dendritic glomeruli lUo arc 
clnnctcristic of this ganglion M iiii of tlie long dendrites present arc 
arranged in stout dendritic triets in winch receptor plitcs occur onI> in 
limited areas Most of the sliorl ikmlritcs do not penetrite the ganglion 
capsule lliese, acconluig to de G istro (1^12) prohihK represent 
specific receptors ehfTercntiatcd for tlie pur|K)se of reeeiMiig iiidix iduilized 
uene impulses Ihc stellate ginglioii exhibits cert im structural charic- 
teristics in common witli the other simpathctic trunk ginghi ind others 
common with the prciertehral ginghi Uhe thoricic sMiipathetic 
nink ganglia cxliibit greater imiforniiti witli respect to the morphological 
^ aracters of their constituent ganglion cells Slender dendritic triets are 
l^ut there arc few plurieclltilir glomeruli ^Fost of the ginghon 
^ s ha\e both long and short dendrites Mam of tlie latter do not extend 
ejond the ganglion cell c ipsulcs, others penetrate the capsule and termi- 
a e in receptor plates near bv 'Ihe lumbar and sacral sjaiipathetic 
of ^ ^ exhibit uniforiniti w ith respect to the morphological characters 
th ganglion cells in n relati\el\ liigh degree Most of 

den^^ c both long and short dendrites The long ones he mninlj in 

Pen Most of the short ones are relatii eh straight The\ 

the^ ganglion cell capsule and terminate in arborizations outside 

of some instances their terminal branches interlace w ith those 

dendrites of adjacent canghon cells to form dendritic “brushes” 
=>"'1 accessory glomeruU 



58 


au 70 \omic aA^^aIIO^ nm \m) o^^aIn 

Ihe prc\ crtcbr il ^^^nRlIa art (b irittcn/til b\ RanRlum cells of nuslimn 
sizes and « IiirIi degree of iiuiforinita in tbeir inorphoJogn i! clianetcrs 
Uhej are raamlj stellate cells \\itb long dendrite's ^cr^ ''tniil! and \tr\ 
large ganglion cells occur onl> rareU m these ginglm In a<!djtion to 
the long dcnrlntes, nianj of the ceUshaac short acee'ssorj demlnte'S, sshich 



Fio 16 —Drawing from a action of a »>inpiU«clic frvnglion of n newborn dulJ eliowing 
a group of ganglion cells delimited by slender dendritic tmets The dark fibers represent 
pregangbonic axons 

penetrate the ganglion cell capsule and in\ade the dendritic tricts or, ^Mtll 
short dendrites of adjacent cells, form dendritic brushes and uccessorj 
dendntic glomeruli A striking feature m sections of these ganglia is tlie 
occurrence of extensi\e groups of ganglion cells surroundctl h\ slender 
dendntic tracts (Fig 16) Isolated ganglion cells surrounded bj connects e 
tissue occur onl\ rareU 

The cranial autonomic ganglia comprise mainlj g inglion cells of medium 
sizes but include large ones m appreciable numbers and feu small ones 
Most of these cells ha\ e both long and short dendrites The long ones gi' e 
rise to relatively few branches, most of uhich are short and terminate m 
bulbous or club-shaped enlargements Man> of the short ones do not 
extend beyond the ganglion cell capsule Not infrequently the axon arises 
from the proximal portion of a dendnte 

The Msceral ganglia particularly those m the enteric canal comprise 
mamly ganglion cells of tv. o ox three morphological ty pes In the m\ enteric 
and submucous ganglia, Dogiel (1899) described cells with short dendrites 
(Ta^ie I), cells with long dendrites (l^pe II) and cells with dendrites of 
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mtcnncdiite (l'i)c III) mvc&tij: itors ^^ho ln\c studiid 

the-'C irm^rlu luuc ritnguiml ctlK tornsponilm^ to those of 

t\pel iTKi t'pc 11 of DoricI hut ‘■oinc do not rccoj,iii/e tlie need of a third 
citegor\ for celK ith de^<^rltt^ of Hitcnnedi itt knj,tlis, since both those of 
t^•pe I ind t^ pc II c\lul)it idc ' \u itions in the lengths of tlieir dendrites 
In gcncril the short dendritt'. of the ttlK of t\pe I pi\e rj^e to numerous 
short hrmche',, when is thi long dttulnU', of the cells of t\pc II branch 
onl\ spinngK Not infn^uintK the short dendrites of eontiguous gang- 
lion cells fonn dendritic hnishts or glomeruli lerininal hrinches of long 
dendrites of ctlK of t^pe If ui iiNt iiuin iho md in tlu**! structures 
Not mfrc'fjucntK long dendrites UnnmiU m perKtlhilir dendritic nests 
in the same g inghon or m un udj leent one 
Nerve Fibers in Autonomic Ganglia — llu iur\t fillers pnstiit in auto- 
nomic gingli i includi the nvms of the uitoiioime g uighou tells preging- 
lionic axons wlneli efTcet simptu cotin(a.tioiis in the guiglii and affcrciit 
cercbrosiimal ner\e tomjxmints wIikIi tnverse them llie iwons of the 
ganglion cells toijjmonK uiu/gt from thi guiglu iml join tJjt nirvts 
through winch thca are eon\e\e'<! to the eflietiir tissues 11 k\ ha\e been 
design itod the postgmghomc fibers 'ihe preg mglioriie axons arise from 
'Lccral efferent neurons m tlu hr mi stem md spni d cord and reich the 
aiitonomie giiighi mv the eirereiit roots of the eorrisponding eirehro- 
spinil nerves Iluv emistitute tin eonduttors tlmnigh which impulses 
OTaiutuig from the eentrd mr\ous sestdu reich tlu iiutonoinie guiglia 
The afferent cerehrospmd nerve coiiipoiients imrd' truerse the auto- 
noniic gmghv witliout effeetuig fuiietiond eonmo-tions with their <on- 
ititucnt guiglion cells 

Tliere ire no cert un criteria on the hisis of whidi tlu i\on of in auto- 
nonjic guiglion cell mu he diirereiitiated from tlu dendrites m nil cuscs 
In main inst mees the avm irnes notdireetU from the cell hod\ hut from 
the proximal iKirtioii of n dendntc (de Cestro, 19U) It is usualh un- 
m'elinatcd hut in some instances it in u he slu ithed with a ver\ thin 
J^V^^ ofmvclin Coll iter il hr ijjehcs occur oiiJv ririh if at all {dc Castro, 
‘’J-) but terminal hruiehes ire not micoinnion In main instances the 
pons of the ganglion cells take long tortuous courses through the ganglion 
>efop emerging m its gn\ rami, in others tlicv emerge quite dirccth 
ihe preganglionic outflow from tiic central nervous svstem includes (1) 
of relatn dv large c ihbcr w ith thick mv elm she iths m '^mall numbers, 
H “bers of medium caliber with thinner invelm sheaths m somewhat 
^'■ger numbers, and (3) fibers of sin ill caliber with thin mvelm sheaths 
m much greater numhers (I anglc> IS9Gj Kaiison and Jhihngslev 1918, 
Castro, 1927. Stohr, 1927) 

Preganglionic fibers of the thoneolmnbar outflow terminate m the 
"mpathetic trunk ganglia and the abdominal and pelvic prcvertcbral 
a ^lanv of those which efTect synaptic connections in the superior 

cerv ical g ingha trav erse one or more sv mpathetic trunk ganglia 
^ Acting an\ connections in the latter Ihose which reach pre- 
tri) I K'lugin M'l the splanchnic nerves also traverse sjonpathetic 
fibe^ without effecting connections in them Some preganglionic 

clow tennmal branches m one ganglion and continue upward or 

sjmpathctic trunk and gut rise to terminal branches in 
or more other ganglia Others end in few or raanv terminal branches 
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Pericellular and Pendendntic Nests —One or more prcpiiiglionic ‘i\ons 
or tcnniinl bnnclics nppro'icli i Ranplton cell 1 ) 0 (!\ b\ spir \\ cour'Ca 'iroinul 
demlrito, pcnctntc the ganglion cell cip^ulc and irbonzc around tlic cell 
forming a more or le^s complex penecllu! ir iit>t m coutaet \\ ith the short, 
accc“'‘^r\ dendrites or, in the id)>sence of acec'>*<ire dendritC'' in more or 
les-> intimate rchtion to the tell bod^ (1 ig 17) Ihe tenninnl hranches 
UpicilK end mmmute nngN loop>orb«lbouMn!argemcnts someofwhich 
mil lie m contict witli tlic surfiee of the cell ho(l\ or a dendrite Pcri- 
celluhr fiber termm itinns of this kind constitute a striking fe iture of some 
of our prcpirations of human ginelii but ire le•'^ striking in others. 
In «oine inst inccb onh fnguuiitsof ril ituclv simple pericellular nc'.ts ma\ 
he oh cried in <;tctions, in addition tei sle ndtr ef irkli staiiieal fihcis nhicli 
approach the cell dong one or more diudritt-' ip^c^ of tlii^ t\pe arc 
le^i> apparent and proh ihl\ It'vs coiniiion in our mimnl inatcn il th in m the 
human 


Arborizations in Dendritic Cellular Glomeruli and Dendntic Brushes — 
In the glomerular cnmiilcxcs formeel h\ the <h ndrite of idj lecnt ganglion 
cells the terminal irhonz ition^ of prtgaiichonie ixon-o efTect contacts nith 
the dendritic bnnehea (I ig IS) \11 the ginghon etlK m\ol\td m such a 
plomenilns prohihU are simptie ill\ relitoil to the sime preganglionic 
fibers V\on tennni itioiis of the um kind d'o occur m glomeruli formed 
bj the dciulntes of a single g inglion <tll ind in eleiidritic brushes formcel 
bi dendrites of one or more g inglion etlK 
Axon Terminations in Dendntic Tracts - In prepirUions of ginglia m 
^hich dendntic tracts arc i\eli ddferentnled the termind brmches of 
preganglionic axons in i\ he triced unong the dendrites Man> of these 
branches terminate in receptor plite^ (de ( I'.tro, IhU) scattered along 
the tract and at the mti ructions of bundles of dendrites otliers probabK 
terminate in relation to the dendrites in the ahNcnce of spcci ihzcd receptor 
plate-i (Fig 19) In \ itw of the I irge lurccnt ige of g inglion cells some of 
the dendrites of Minch are meor|)oritt<I m dendritic tracts s\naptic con- 
nections eftcctcel ill tlieve tracts must diouiul in main of the autonomic 
ganghi 

Ceninpeial hhers xiseeral aflereiit eomponents of the cere- 

brospinal neries as st iteal ahoxt trnersc autonomic ganglia hut effect 


no connections Mith tlieir constituent g iiighon cells Impulses of a isceral 
prohahla rcich the centrd nmons sastem onla through afTerent 
cerebrospinal ncrae components In generd reflex responses through 
autonomic neracs maoht afferent conduction into tlic central ncraons 
svstem through cerebrospinal nerac fibers and efferent conduction from 
ne central neraous sastem tiirongli pathaaaas consisting of preganglionic 
neurons and autonomic ganglion cells sanapticdla related to one another 
nst of the reflex responses in xjsccril organs can he explained on this 
!^sis, but the autonomous actiaita of certain aisccri, particularly the 
Bistro-intestinal tract, seems to require reflex mechanisms aa Inch do not m- 
central neraous sastem 

ten reflexes earned out through neurons limited to the maen- 

exn^ submucous plexuses have long been recognircd on the basis of 
Do phasiological studies On the bisis of anatomical studies, 

(1899) ida meed the opinion that the ginglion cells, aaitli long den- 
m the enteric gmgha arc cssentiallv afferent m function but this 
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opinion 1ms not been supported b> otlier m^(stl^'fttors Xnatoinicnl 
ev idence for the existence of sx nnptic relationships hctu ecu enteric neurons 
IS not ^\antmR (Iviintr, 1922) but the exact nnatoniical strinture of the 
enteric reflex arcs as xet is tinkmmn Axons of cntcnc oriRin also tm^erse 
the mesenteric ncr\es and (fTect sMiaptic conmctioris in the etlnc and 
inferior mesenteric g intlia (Ivunt/, 19 18, 19 10) Jlcflex rc'sjKmses ine<lntc<I 
tlirougli the dcccntnhrcd inferior mesenteric (Kunt/, 1910, Kuntr and 
Sacconnnno, 1911) and celiac (Kunt/ and Van Ihiskirk 1911 , \Narkcntin, 



Fig 19 — Drawine from a preparation of a sj'mpathetic canglion (human) to lUustratc 
relationships of terminal branches of preganglionic OTons to dendrites m dendritic tracts 
(Kuntz 1038 courtesy of Jour Comp Neurol) 


Huston, Preston and Ixj, 19^3, Kuntz and Sacconnnno, 1044) plexuses 
also bate been demonstrated The current teaching that autonomic 
ganglion cells are essentialK efferent in function and constitute the per- 
ipheral units in visceral efferent conduction pathw ax s has aided materially 
m explaining the functional relationships of tlie autonomic nerxes and 
undoubtedly is correct for the major parts of the autonomic system but 
exceptions to this point of \iexv must be recognized particularly in the 
enteric, celiac and mesenteric ganglia 
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CIM'IIAL AIjTOXOMIC CENTHUS AND CONDUCTION 
PVTimAAS 

Autonomic Nuclei m the Spmal Cord —The preganglionic fibers of tin 
thoracolumbar autonomic outflow arise mainl> from cells in the inter- 
mediolateral cell column and in part from cells in the intcnncdiate zone 
between the anterior and posterior gra\ columns from the first thoracic to 
the second lumb ir segment inclusi\ e The extent of the intermediolatcra! 
column coincides fairU accurateh w itb that of the tlioracolumb ir outfloi\ 
The preganglionic fibers of the sacral autonomic outflo\\ arise in the inter- 
mediate zone, particularh in the nucleus mjoleioticus mcflialis from the 
second sacral segment doi\miard Ibis outflow usiialK is limited to the 
third and fourth sacral ner\cs in man hut occasiomlK some preganglionic 
fibers arc included in the second or tlic fifth The central connections of the 
\asceral afferent components of the spinal ncr\cs arc not fullv known 
like the somatic afferents tht\ effect connections in the posterior graN 
column and in the mtcnncdiite zone of the gra\ matter, including reflex 
connections with pregaiighomc neurons llic litter connections prohahl\ 
in\ohe intercalated neurons 

Certain of the earlier in\cstigators including Bicdl (1895), Iloebcr 
(1896) and Iluct (1808), ha%c reported cliromatoh sis in neurons in the 
intermediolateral cell column and in certain small neurons m the dorsil 
part of the \entral graj column m animals following section of the pro- 
ginglionic fibers in the segments m question Lnignel-La\ astmc (1908) 
reported chromidial changes and atrophj in the nerve cells and reduction 
in their numbers m tlicac areas and m the paracentral and intermediate 
zones in tlie spinal cord of tlie dog, following extirpation of portions of the 
svmpathetic trunk Kai (1925) reported marked changes, involving 
reduction in the number of neurons, chromidial changes and other cv idences 
of nerv e cell degeneration in the spinal cord of the dog, follow mg extirpation 
of portions of the svmpathetic tnmk According to his account these 
changes were well marked ten dajs after operation In the upper seven 
cervical segments the degenerative changes were localized m the dorso- 
lateral region of the ventral graj column and the superficial portion of the 
intermediate zone Onlv a few nerve cells were affected in this portion of 
the cord From the eighth cerv ical to the third lumbar segments, the most 
marked changes were localized in the intermediolateral cell column Less 
marked changes were apparent m the dorsolateral portion of the ventral 
graj column and the superficial portion of the intermediate zone Kai 
regarded the changes described as due to retrograde degeneration, con- 
sequentlv he assumed that the cells affected were v isceral efferent neurons 
Gagel (1928) expressed skepticism regarding ICai’s findings bj callmg 
attention to the difficulties in recognizing carlj retrograde changes in 
nerv e ctlls and m the ev aluation of ippareiit differences m the numbers of 
none cells at svmmetncal points in sections of the spinal cord Sections 
of the normal spinal cord not uncommonlv exhibit a high degree of asvm- 
metrv m the distribution of nerve cells In his own studies of the dis- 

( 63 ) 
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tnbiition of Msccnl neurons m tlic spmiil cord m man GnKcl l)a'5cd lus 
conclusions inainl> on tlic morplmloRica! characters of the ntrac cells 
In a later studj (GaRol, 1931) he reported d( generating neurons in the 
upper three thoracic segments of the spinal coni ten da\ s after axtirjntion 
of the superior cer% icnl sx nipathctic j, uighon 

The ner\e cells m the intcrmcdiolUtral cell column differ niorphologi- 
callj from both the somatic efferent neurons m the anterior graa column 
and the afferent neurons in the |>ostcrior graa column Jacolisohn (1908) 
described the neurons in the intcnue<U«Hteral cell column in man ns cIuIh 
or bullet shaped celK of medium m/c uhieli exhibit an irregular distribution 
of cbromidi d substance According to Bruce (1900), the x isccnl efferent 
neurons are not stnetlj limitoil to the intennwholatcral cell column lie 
recognized an apical group and a group situated in part in the central 
graj substance uhich he regarded as components of the x isccral column 
He aUo emphasized the asxinnutrj and partial segmentation of the inter- 
merholateral columns In Golgi pRp irations of embryos of tlicChiroptera, 
Poljak (1924) triced axons from both the mlcnnwholatcral column and the 
intermediate zone into the xentrd iierxe roots On the basis of these 
findings he concluded th it in this group of maimnals x iscernl neurons occur 
not onlj m the intcnncrholatcral cell toliimn hut nl«o in the entire inter- 
mediate zone 

Gagel (1928) described the neurons in tlic intcnneiliolatcnl column in 
man as clul> or pear shaped or o\ nl and approximatcU one-lmlf the sire of 
the anterior horn cclK Although, as ob'^cricd in sections of the coni, 
manx of these neurons appear uni- or bipolar, lie regirdwl them all ns 
multipolar In general thex exhibit an irrigulnr distribution of chromidinl 
substance As compared x\ ith the neurons m the anterior grax column, the 
nucleus-plasma ritio faxors the nucleus, Gage) did not rcgartl the forms 
of these neurons as significant since thex arc highlj xanable and, in a 
large measure seem to be determined l>> the arrangement of the fibers m 
relation to xxhicli neurons arc located and other factors m tlic immediate 
etixiroraiunt He regarded the nuclewspplasma ratio and the size and dis- 
tribution of the chromidml bodies as more significant tlian cell form 

The neurons in the mtermedmlc zone nccoitlmg to Gagel, commonlx 
appear elongated or somexx hat triangular, m sections of the cord and exlnbit 
a relatixelj uniform <hstribution of finelx granular chromidml substance 
They are of medium sizes and commonlj occur in groups of two or three 
As compared n ith the neurons m the anterior grax column, the nucleus- 
pla-^ma ratio favors the nucleus Although these neurons differ morpho- 
logically from those in the intermediolatenl column Gagel regarded them 
as X isceral m function 

The mtermediolateral cell column extends from the middle of the eightli 
cervical to the lower lex el of the first lumbar segment Gagel found a fexx 
celk which probably belong to this column in the second lumbar segment 
at the lateral border of the intermediate zone He obserxed neurons of 
the tx^ies dcocnbed as intermediate zone cells in the region between the 
anterior and posterior grax^ columns throughout the entire length of the 
spmal cord 

Spinal Autonomic Centers — Centers through xxhicli xasomotor actixitx, 
pdo-erection and perspiration are regulated are present tlu-oughout the 
thoracic and upper lumbar segments of the spinal cord These functions 
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in the head, neck and arms are regulated througli centers m flit upper four 
or fi\e thoracic segments The upper t\\o or three thoracic segments also 
include preganglionic neurons in\ol\cd in the svinpathetic inncr\ation of 
the lacrimal glands Vasomotor actn ita , pilo-crcction and perspiration in 
the upper trunk region are regulated through centers in the fourth to the 
ninth thoracic segments, belou the umbilicus, through centers in the ninth 
or tenth thoracic to the second fumhar segment, and in the loner eatrcmitjes 
through centers in the tuclfth thoracic to the second lumbar segment 
inclusn e 

The pupillodilator, or so-callcd ciliospinal, center is located in the 
eighth cer\ ical and first and second thoracic segments of the cord Cardiac 


Nucleus N XI 



Edingcf Westehol nucleui 
Nucleus NUI- - -- 


Motor nucleus N V 
Nucleus N VI 
Motor ftueleus N W\l~~( — 
Superior soiivotory nucleus 
Inferior soiivotory nucleu\ 
Oorsol motor nucleus of 

Nucleus N XII 
Nucleus ombiguus- 


Sensory nucleus 


'^^ochleof nuclei 
Vestibular nuclei 


'■J^ueleus of troctus 

solitonus 


Nucleus of 

Irigemmospinal tract 


Fio 20 — Dorsal view of the human brain stem with the nuclei of the cranial nerves pro- 
jected on the surface Tlie motor nuclei ore represented on tho loft side the sensory nuclei 
on the right side 


accelerator centers are present m dl the thoracic segments of the spinal 
cord from the second to the fifth or sL\th inclusn e Cannon, Lev, is and 
Britton (1926) Iia^e sho^^n that complete elimination of the cardiac 
accelerators m the cat requires interruption of the tisceral rami or extir- 
pation of the thoracic s\ mpathetic trunk as lo^\ as the sucth or sev enth 
thoracic segments lonescu and Fnachescu (1928) and Ivuntz and Afore- 
house (1930) also traced cardiac rami from the sjinpathetic trunk as Io’s\ 
as the sLxth thoracic segment m man On the basis of these findings, it 
maj be assumed that the correspondmg segments of the spinal cord contain 
cardiac accelerator neurons Ihe abdominal xiscera receixe impulses \ia 
the splanchnic neraes from centers m the fourth thoracic to the second 
lumbar segment of the spinal cord The sympathetic genito urinary and 
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recto-nn-xl centers arc located m the first and second lumbar segments, 
the parasympathetic ccntcre m the second, third and fourtli sacral scfpiicnts 
General Visceral Efferent Nuclei in the Brain Stem— 1 lie general 
\isceral efferent fibers of the crania! nciaes arise from cells in n senes of 
nuclei the dorsal motor nucleus of the \agus, the salnatoia nucleus and 
the Ldlng('^-^^e3tphal nucleus, which constitute tlic Rtncral Msccral 
efferent column in the brain stem (I ig 20) 'Iliesc cells arc of small and 
medium sires, with rclatucly large nuclei 'Ihc cbmmidinl substance is 
only poorK developed and exlnlnts an irregular distribution (Malone, 
1913) 




Fiq 21 —I fferent neno cells from the mednU-* obloc^'ata of the lemur 1 and 9 >^«ceral 
efferent cells from the dorsal motor nucleus of the vagus S eomatic efferent cells from the 
hypoglossal nucleus (Malone ) 

The dorsal motor nucleus of the v agus lies subjacent to the ala cinerca 
of the rhomboid fossa and dorsolateral to the hy^poglossal nucleus The 
efferent fibers arising m this nucleus are widely distributed to the para- 
sympathetic ganglia in relation to the tlioracic and abdominal viscera, for 
the innervation of the inv oluntaiy musculature of the heart, respiratorv 
passages, mphagus, stomach small intestine, bilnry sy stem pancreas etc 
AccordmgtoMaIonc(1913),thedorsalmotornucleusofthevagusinthelemur 
andmonkeymeludesneuronsoftwodistmcttypcafFig 21) The oral portion 
IS composed of small neurons ■with rdativdv large nuclei and a meager 
of chromidial substance The middle portion is composed of 
medium-sized neurons with a more abundant supply of chromidial sub- 
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stmce The nucltus-phsm-v ntto of tlicse cells, as compared -a itli tint of 
the small ones, fir ors the cr tophsm, as compared ith tint of the somatic 
motor neurons, it far ors the nucleus The ciudal portion is composed 
mainlr of small neurons but contains some which are similar to the large 
ones in the middle portion According to jNI'iIonc the ixons of the sm*!!! 
neurons supply smooth muscle iiid glands, those of the medium-sizetl 
ones suppK heart muscle On the basis of these findings he designateil 
the portion of the dorsal motor nucleus of the ^^glls nhich contains the 
medium-sized neurons the nvcletis carrfinciii ncrri tngi 
The nucleus sain atorms lies m the reticular fonnation at the junction 
of the pons and medulla oblongati As dttcnnined b\ stimulation experi- 
ments m the monkc\ (^tigoun and Beaton, 1942), it lies between the 
genu of the facial nerae and the nucleus of the Inpoglo^sal and extends 
from the medn\ plane laterals ard and xentralvsard through the reticular 
formation 

The efferent fibers arising from the more caudal portion or nudem 
salitatoruis inferior, are con\e\ed Ma the giossophari ngeal nerie to the 
otic ganglion Those arising from tlic rostral portion, or nucleus sahia- 
torius superior, are come\cd aia the chorda tionpani to the submaxillari 
ganglion 

The Ldmge^-^^ cstphal nucleus is situ ited in the rostral portion of the 
nucleus of the oculomotor ncnc It is coinjX)«cd of small neurons uhoso 
axons tra\erse the oculomotor ncr\< as preginghonic fibers to the cilnrx 
ganglion, for the inner\ation of ti>c intrinsic musculature of tlie etc 
Other Autonomic Centers in the Medulla Oblongata and the Pons — 
A a asoconstnetor center m the medulla oblongata i\as recognized bv 
Oivsjannikoff as earlj as 1871 In a senes of experiments in whicli th( 
brain stem Mas transected at successive levels from above downward, 
he first observ ed a fall m blood pressure when the section w as m ide at tho 
middle level of the pons Sections made at lower levels resulted m still 
further lowering the blood pressure Ihe results of more recent experi- 
mental studies have afforded a basis for the localization of the va'^o- 
constrictor center m various mammals In the rabbit it is located in the 
floor of the upper part of the fourth v entricle approximatelv 2 5 mm from 
the medial plane m a position coinciding with that of the superior olive 
The results of experiments on other Hboratorv animals, reported bv 
Nordmann and Aluller (1932), indicate that this center is located in the 
substantia reticularis grisea in the upper part of the medulla oblongata 
In a series of experiments involving electrical stimulation of the floor 
of the fourth ventricle m cats, Ranson and Billmgslev (191G) observed a 
marked drop in blood pressure when the electrode was inserted under the 
clava just lateral to the obex On the basis of this finding thej suggested 
that this area might include a true depressor center The results of certain 
later investigations do not fullj corroborate this finding (Schilf, 1926), 
but it IS known that depressor reflexes due to stunuhtion of the labyrinth 
(bpiegel and Demetrndeb 1924) or the depressor nerv e (Spiegel and T askin, 
1928) persist after complete transverse section of the mesencephalon 
In experiments carried out on decerebrated animals, Yi (1938) observed 
that reflex lowering of the blood pressure ebcitedhj stimulation of various 
atlerent nerves was not abolished b> cauterization of the v asoconstnetor 
center, but was abolished b> destruction of an area adjacent to the obex 
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all} related to the autonomic ner\ ca are located ntamlt in the h}jiothalainus 
and the u alls of the third a entricle 'J het arc included in the paleothala- 
mus, t e, the older portion of the dicncephalon The h}poth damns 
occupies the a entral portion of the dicnccph ilon It includes 15 to 20 
nuclear aggregates of gra\ matter not all of \\bich are clearlj delunited, 
the optic chiasm, the supraoptic commissures and the hjpoplnsis \\\ 
the Inpothalamic nuclei probably arc functionalh related, although not 
e\clusi\cl\, to the lutonomic s^stem Certain adjacent nuclear aggre- 
gates in the preoptic area, ■which does not properK belong to the li\po- 
thalamus, also subscr\e autonomic functions 

The histological structure of the In pothalamiis has occupied tlic atten- 
tion of not a few m\estigators Our present knowledge regarding the 
anatomical relationships of tlie Inpothalamic nuclei and the c^tologIcal 
characters of their constituent neurons is based in a large measure on the 
earlj studies of Malone (1910-1914) Among the more recent in\esti- 
gators -w ho ha\ e contributed to our know ledge of the topographic arrange- 
ment, the lustologic delimitation and the anatomic connections of the 
hypothalamic nuckv ma\ be mentioned Sprcgcl and 7wcig (191o-1917) 
GreMng (1923-1935), Gurdjian (1925-1928), Gagcl (1928), Gnmtbal 
(1929-1933), Nicolesco and Nicolesco (1929), Riocli (1929), Iluber and 
Crosby (1930), Morgan (1930), Loo (1931), Kncg (1032), Laruellc (1934), 
Roiissj and ^lonsinger (1934, 1935), Crouch (1934), Papez and Aronson 
(1934), Cl irk (1930, 1938), Atlas and Ingram (1937), Kirgis (1940), and 
Ingram (1940) 

I or purposes of description, tlic h\potlialamus in man ma\ coin eniently 
be subdiv ided into four regions the supraoptic middle region located abo\ c 
the optic chiasma and rostral to it, the tiibcral or infundibular middle 
region located in relation to tlic infundibulum, the mammillary middle 
region which occupies the caudal portion of the hypotlialamus including 
the mammillary bodies, and the lateral region 
The supraoptic middle region includes the nuclei supraopticus, para- 
\entricularis, suprachiasmaticus, supraopticus diffusus and the anterior 
h^ pothalamic area The nucleus supraopticus o^ erlies the pro\ima! portion 
of the optic tract and usually is incompletely separated by the latter into a 
relati\ely large anterolateral and a small posteromedial portion Its 
constituent neurons are mainly cells of relatively large sizes The nucleus 
paraventriculans, as observed in transverse sections of the hypothalamus, 
lies in intimate relation to the wall of the third ventricle and medial to 
the column of the fornex In sagittal sections (Fig 22) it appears triangular 
with the base of the triangle dorsalward Most of its constituent neurons 
are comparable to those of the nucleus supraopticus but they are less 
closely aggregated Between the larger neurons are some small ones 
comparable to the small neurons of the periventricular system The 
nucleus suprachiasmaticus is a small nucleus located against the dorsal 
surface of the optic chiasm and adjacent to the begmning of the supraoptic 
recess of the third \ entricle Its constituent neurons are relativ ely small 
cells It probablv is a constituent portion of the periventricular system 
the nucleus supraopticus diffusus consists of a poorlv defined band of small 
neurons lying adjacent to the supraoptic commissures The anterior 
hy pothalamic area is located between the supraoptic nucleus and the v entral 
end of the parav entncular nucleus It includes mainly small neurons 
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The tuber'll or infundibular middle region (Fig 23, A) includes the 
nuclei hjpothal'iinicus \ entromedialis, and h\pothal'imicus dorsomednlis 
and the dors'll and posterior bj pothalamic ireas The nucleus hjpo- 
thalamicus \ entromedialis is loc'ited adjacent to the ^cnt^cuH^ surface 
of the tuber cmereum and immediatO> behind the nucleus supraopticus 
Its constituent neurons arc relati\el> small and closelj aggregated The 
nucleus hjpothalamicus dorsomodvnbs lies adjacent to the dorsal border 
of the nucleus h\pothalainicus a entromedialis and in essentiallj the same 
relation to the \ entricul ir surface of the tuber cinereurn It is continuous 
dorsillj iMth the dorsal lupothalaimc area and rostralli i\ith the dorsal 
part of the anterior area ^lediallj it can liardlj be difTercntiated from 
the pern cntricular svstem Its constituent neurons arc mainlj small and 
not closeh aggregated The dorsal hjpotlialnmic area lic» dorsal to the 
nucleus h\ pothalamicus dorsomcdialis and extends from the dorsal part 
of the anterior hjpoth ilamic area to the posterior area It comprises 
relatiaeb fc'' small neurons The posterior liipothalamic area occupies 
the border zone between the tuber cincrcum and the inainmillarj body 
It IS bounded laterally bj the fornix and the innmmillothalaimc tract and 
Is continuous dorsallj w itli the midime nuclei of the tlialanius It includes 
the nucleus hj-pothalamicus posterior whicli is charaUcn7ed b^ closclj 
aggregated small neurons among which larger ones are dispersed cither 
singlj or in small groups 

The caudal or maininillarx region comprises inainli the corpora mmnil- 
lana, a pair of rounded bodies, one on either side of the medial plane, 
situated in the interpeduncular fossa immcdiatcK in front of the posterior 
perforated area Each mammillarj bodj includes three nuclei, the nilclci 
mamillaris mediilis inamillans lateralis ind intercalatus (Fig 23, li) 
The nucleus mamillans mcdialis comprises a rclati\el> large, homogeneous 
aggregate of small neurons and is sliarplv delimited bj a capsule of m\c- 
Imated fibers Immediatels in front of this nucleus and between it and the 
nucleus hj pothalamicui, \ entromedialis is an aggregate of small neurons, 
the nucleus premamillaris The nucleus mamillans lateralis is compara- 
ti\elj small m man Its constituent neurons are smaller than those of 


the nucleus mamillans medialis and more closelj aggregated 'Ihe nucleus 
intercalatus is relatn elj large in man and occupies a lateral position in the 
mammillarx bod\ It is continuous at its rostral border with the lateral 
hj^pothalamic area Its constituent neurons are larger than those of the 
other mammillarj nuclei 

The lateral region comprises mainlj the lateral hjpothalamic area 
This area is situated lateral to the plane of the anterior pillar of the fornix 
and lb contmuous rostrallj w ith the lateral preoptic area Its caudal portion 
is relati\ elj narrow but extends to the tegmental portion of the midbram 
The lateral area is traxersed bj the medial forebrain bundle and includes 
scattered groups of reIatl^ eI^ large neurons In addition to these scattered 
neuron groups it includes two or three aggregates of small neurons in 
the lateral portion of the tuber cmereum, known as the nuclei tubens 
(Fig 24, 7/) 


Hypophysis - The hypoph\sis is a small rounded or oioid glandular 
structure lodged in the hj^poph^ seal fossa in the floor of the cranium It is 
attached to the hjpothalamus b\ means of the infundibulum which arises 
irom the floor of the third aentncle m the region of the tuber cmereum 
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rlie lijpopli\bi 3 cmnpribCT nii nntcnor and n posterior lolic 'Jlic latter, 
■nhich lb the smaller of the two loins is loiitiiiiioils « itli the infiinihhiiluin 
Like the httcr striietiire, it is ilcrncsl fniiii the iitiiml tiihe 'llii anterior 
lobe arises from the hiiecal eetuilcnn Nen e fihi rs arising iiialiiU in the 
^iiprioptic repion anil the tuber cinereiiiii evteml into the hspophjsis 
iiliere thej teriiiinate niniiiH in the posterior lobe Iliesc libers colles,- 
ti\cl\ constitute the lupothalaimco-lniiophsscnl tniet (I ij; 2')) 
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i^eiiTon Classification —On the bnsis of an intensne cjtolopical stud) 
of the hj'pothal'imic nuclei and their knots n fiber connections in the cat 
Ivirgis (1940) ndtanced the Inpothesis that the neurons m tliese nuclei 
may be classified m four categories according to their anatomical and 
functional relationships These ha\ e been designated peripheral a isceral 
efferent central somatic efferent, central Msceral efferent and associa- 
peripheral MscerU efferent neurons are large spherical or 
poljhedral cells t\ith coarse chromidial granules aggregated m the per- 
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ipheril zone ind some chromidial substincc m dust-Iike particles in the 
perinuclear zone 'ihc central somatic efTerent neurons are comparable 
in sizes and forms to those of the prcMous catcgor\ and cxhihit coarse, 
discrete chromidial bodies i\hich are fairh umformlN distributed through- 
out the cell bodj Ihe central Msccral efferent neurons ire cells Mith 
spheroid or poh licdral cell bodies, mainh of medium sizes 1 heir chromid- 
lal bodies arc smaller than those m the neurons of cither of the prccetling 
categories Ihese bodies frequentU occur aggregated m the periphcril 
zone, but sometimes appear m chimps in certain portions of the cell bod^ 
The associational neurons are reJatneli \er\ small fusiform or sphcroul 
cells ^Mth hue chromidiil griniiks distnbutet! iniml\ m the pcriniicliir 
zone 



Flo 25 —Diagram illustrating the pothalamico hj-poploscal tract (redrawn from Clark) 


The functional requirements of the lupothalamus obMoush demand 
neurons of these four categories, but it must not be assumed that all 
h\pothalamic neurons can be recognized as belonging to one or another 
categor\ , since mam Inch, on the basis of their anatomical relationships 
belong to one category are cj tologicallj similar to some of the neurons of 
another category In the hjpothalamus of the cat, according to Kirgis, 
most of the neurons are central Msceral efferent Associational neurons 
apparentlj are ne\t in abundance 

afferent fiber connections in the hjpotlnhmus 
and the efferent conduction pathtvajs nhich arise in it, to he described 
present!}, most of the h\ potlnlimic nuclei must include central \isceral 
ellerent and associational neurons Some of them must also include central 
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boravtic tflcrcnt nturons Hit iitunms \sliost axons enter the li\poph\sis 
Ma the h>pothahmico-h\poph\sea! tr\tt oh\jonslj must ho eKssifictl 
IS perjphcr.il vesceril cfTcront neurons, since tlicir axons terminate ihroctU 
in relation to the clTector tissue 
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Fio 26 — Djagranw illustrating Uie chief connections of the hypothalamic nuclei 
and dc^cendinic conduction plthl^a}a 


Fiber Connections — TIic hvpotlnlamic nuclei are intiinatcK inter- 
connected Tsith one another nnd ttith adjacent tlmlunic nuclei through 
abundant internuclear fibers They arc nl&o connected \t ith more remote 
parts of the ner\ous system through afferent and efferent conduction sjo- 
terns (Fig 26) Most of the mtemuclear connections are es«cntialU diffuse 
and have not been compieteh analjzed The paraventnculo-supraoptic 
sjstem 13 a fairlj compact aggregate of fibers vvhicli seems to be efferenl 
with respect to the paraventncular nucleus but convincing proof that its 
fibers terminate in the supraoptic nucleus is w anting 1 ibers arising in thf 
paraventricular nucleus also enter the tuber cinereum but their sites oi 
termination remain unknown Another recognizable aggregate of fiber 
extends into the supraoptic nucleus along the optic tract, but the origu 
and destmation of its fibers have not been determined The longer fibei 
tracts connected with the hjpothalamus may be describi d <is afferent anc 
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efferent conduction s} stems, but it must be recognized tint in some of these 
sj stems the direction of conduction has not been fulh established but 
onh suggested on the basis of theoretical considerations 

Afferent Systems — Ihe mednl forebrun bundle is composed of fine 
unmjelmated fibers running longitudinallv through the lateral hjpothala- 
mic area It probabh includes both ascending and descending fibers 
According to Gurdjnn (1927), it comprises septo-hteral cortico- strio- 
tuberculo- parolfacto- ind olfacto-hjpothihmic tracts and an olfacto- 
mammillarj tr ict The bundle is quite apparent m the human brain but 
cannot readih be rcsoh cd into its component parts Data aih anced bj 
Ivrieg (1932) and Ranson and JIagoun (1939) support the assumption that 
some of Its fibers catend from the h\ potlialamiis into the tegmentum of the 
mesencephalon The septo-hj potlialaniic fibers prohablj arise from 
neurons ii Inch are si iiapticallj related to neurons in the frontal lobe of the 
cerebral cortex 

The Cortico- llypothalaimc and Thalamo- Hypothalamic froefe— Con- 
duction path^ijs from the neocortev to the Inpotlnlamus probabh 
include ^eh^ st itions in the thalamus Direct pathw a> s from anj part of 
the neocortex to the Inpotlnlaimis ha^e not been demonstrated Fibers 
of cortical origin ha\ e been traced into ^ anous parts of the dorsal thalamus 
bj ^ anous in\estigators, including Clark (1933), HXcttlir (1935) and Levin 
(1936) Clark (1938) also ad\ anced certain data in support of the assump- 
tion that fibers arising in the frontal cortex reach tlie zona incerta in the 
ventral thalamus llialamo hj pothalamic fibers arc incorporated m the 
periventricular svsteni and the inainmillothalamic trict Other fibers of 
thalamic origin vvluch enter the hjpothalamic nuclei are not aggregited in 
n ell defined bundles Some of tlie fibers passing betn ecn the zona inccrta. 
and the hvpothalamus probablv arc afferents which terminate m the h>*po- 
thahmus The th ihmo hv pothalamic fibere prov idc not onlj for the con- 
duction of impulses emanating from the ccrcbnl cortex but al&o relav into 
the hypothalamus somatic and visceral sensorv impulses which reach the 
thalamus from all parts of the bodv 

The Fornix which arises in the hippocampus mav be regarded as a direct 
conduction pathway from the paleocortex to the hypothalamus Its 
fiber*> terminate mainlv m the mammillarv nuclei and the tuber cmereum 
It probably includes some efferent fibers 

The Stria Terminally consists mamlv of fibers which arise m the amyg- 
daloid nucleus !Many of these fibers terminate m the preoptic and adja- 
cent hv^pothalamic areas as far caudalw ard as the premammillarv nucleus 
According to Clark (1938), most of the hv pothalamic nuclei receiv e afferent 
fibers through this bundle 

Lenticulo hypothalamic connections probably are effected mainly 
through the ansa peduncularis and the ansa lenticuhns (Laruelle, 1934, 
Nicolesco and Nicolesco, 1934) These fibers arise mainly in the globus 
pafiidus and terminate in the ventromedial hy^pothalamic nucleus (Fig 24) 

The mammillarv peduncle (Fig 26) is not easilv demonstrable m man 
but undoubtedly includes both afferent and efferent fibers The ascending 
hbers which reach the hypothalamus through this tract arise at various 
levels m the bram stem, particularly the mesencephalon It mav be re- 
(PapelT937’^9Lf ^ important afferent pathwavs to the hypothalamus 
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Vago supraoptic connections Ime not liecn ilenionstrntwl nnntormcnllv 
but the assumption that there w a coiuhiUion p\t\n\nN fruin tin. >aga\ 
centers to tiu supr loplie nudu h supporteil bj c\pcriincntal dalu (Hronk 
etal, 1930, Clark and A\ang 1919, battUr, 103D, Ihmng, 1938) Tina 
pathway seems to be dircctU rchud to the supmoptico-luimplis seal tract 

Cffdcnt Syitems — 1 he innminilloth dnnuc tr itt is u well (kfincd fascic- 
ulus which arises m the mammilUvr. bod\,n\a\uK in tlu incelml mammil- 
lary multus and terminates in the nntenor thalunic nuclei, particularly 
m thp antcroNcutral nue.lais (I ign 2l,Cftudib) U is an muKirtant link 
in one of the chief hipothalanio-cortic il coimcttions sinca; «emic of the 
anterior thnhinic neurons m relation to winch its fibers tcrnmiato send 
their axons into the. cortex of the Rsrus cinguh 'llic maiumdlothahimc 
tract prob iblj re iches its highest <lc\ dopincnt in man 

Dittuse hy pothalainev-thahnnc ctimuiAions nmlowbteelU exist but spt'- 
cihc information regarding them is want ing The an itmiiicid data regarding 
tlie scattered fibers wbich connect h\j)otlmlainio and tbalnmic nuclei 
afford little information regarding the dircx-tion of conduction in them 

file maminiHotcgmcntal tract is clo''cU rclatcal in its origin to the niani- 
miUothalamic tract (I ig 2b) ItprobibK tcnnmntes maml\ m the nucleus 
profundus of the tegmentum Certain d it i supiwrt tljc assumption tliat 
It also effects conuejctions with the central ((jiirpan, 1927) and dorsal 
(Roussy and Mo^ungcr, 1935) tegmentnl nuclei In niaii fibers of tlie 
maramiliotogniental trict imnglc with dc&ecnding fibers from other parts 
of the hypothalamus as thci extend downw ml in the capsule of the red 
nucleus 

Tlie peru cntrieular sMstem and the dorsal longitudinal fasciculus ate 
intimateli associated w itli one another 1 be dorsal longitudinal fasciculus 
was OTigmalU descnbtxl h\ Schiitz (1801) as an nggrit,atc of fibers in the 
central gray matter around the aquc<luctii3 ecrchri which retciiea contri- 
butions from tbe hypothalamus, all parts of the dorsal thalamus, the 
subthalamic nucleus, and the ansa Icnticnlans Ihc Inpotlmlamic com- 
ponents of the pern eiitncular s\stcm winch join the dor?al longitudinal 
fasciculus arise throughout the h\ potlnlamu^ but most nbundantU in 
the posterior area (Ingram, 1940) Ihc sites of termination of these fibers 
are not definitely known Thex probabK effect connections at xarious 
levels m the tectal and tegmental nuclei m the brain stem 
Diffuse descending fibers probably arising in all parts of the hs'po- 
thalamus extend downward in large numbers particulirh m the lateral 
hypothalamic area Such fibers mingle with those of the medial forebrain 
bundle and form its dow nw ard continuation 3 his sj stem of fibers includes 
some components of thepenx entncular sj stem Pin siologic il data support 
the assumption that below the level of the hyT>otha\ainus these fibers he 
Widely scattered in the lateral portion of the tegmentum Thev constitute 
an unportant part of the efferent conduction system from the hy potlialamus 
Autonomic Centers m the Bfesencephalon — The existence of a reflex 
center in the mesencephalon through which tonic responses of the mus- 
culature of the urinary bladder max be elicited has been demonstrited 
experimentally by Langw orthy and Kolb (1938) Langw orthy and Rosen- 
be^ (J939) also demonstrated the existence in the mesencephalon of 
reflex mechanisms through which the tonicity of the smooth muscle of the 
rectum is regulated Transection of the brain stem at the upper border of 
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the mesenceplnlon, m their experiments, resulted in hj percxcitabilit\ of 
the rectum to stretch stimuli Transection of the mwlulh oblongata, on 
the other hand, resulted in abolition of the response to stretch stimuli and 
partial loss of the normal tonus of the rectal musculature 
Autonomic Representation m the Corpus Stnatum — rxpenmcntnl data 
^\hlch seem to indicate that impulses emanating from the corpus striatum 
exert an influence on Msccral functions are not anting lor example, 
changes m the state of contraction of the smooth muscle of the pupil 
intestine, bladder, uterus and blood xcssels lia%c been oliserxcd following 
stimulation of the corpus striatum Due to the intimate relationship of 
the fibers of the internal capsule to the corpus striatum, howe\cr, it is 
quite impossible to stimulate the corpus stri itum w ithoiit at the same time 
exciting descending fibers of cortical origin In experiments reported bj 
Spiegel and Takano (1928) stimulation of the corpus striatum, following 
degeneration of all corticifugal fibers on that side, neither resulted in 
contraction of the pupil nor of the blood xcsscls, whereas stimulation of the 
corpus striatum on the normal side elicited contraction of botli the pupil 
and the blood xesscls Stimulation of the corpus striatum following 
degeneration of the internal capsule also failctl to elicit contraction of the 
musculature of the unnar\ bladder On the basis of these obscr\ ations, 
the\ concluded that the contraction of smootli muscle elicited b\ stimu- 
lation of the corpus striatum is due inainh to excitation of fibers of cortical 
origin and not to stimulation of neurons in the corpus striatum 
A direct influence of impulses emanating from the corpus stnatum on the 
lower autonomic centers is not precluded Lesions of tlie corpus stnatum 
undoubtedh result in increased bod\ temperature, but the chief centers 
for the regulation of bod\ temperature are located m tJie hvpothalamus 
According to Spiegel and Re\nolds (1930), puncture of the head of the 
caudate nucleus results not onl\ m fc\er but also in poKuria and an in- 
crease in the specific graxit) of the urine The NaCl content of the urine 
IS appreciabU increased (Tokax 1931) These results were obserxed onK 
following lesions winch inxolxcd the anterior horn of the lateral xentricle 
or the cortex and its underlying fibers close to the wall of the xentricle 
Simple injiirx of the cortical substance or tlie caudal part of the corpus 
stnatum w as inefTcctix e On the basis of these cxpcnmental results, Spiegel 
(1932) expressed the opinion that the anterior portion of the corpus stnatum 
exerts an influence particularlx on the water-salt balance of the bodx 
through its fiber connections with the tuber cmercum 
Autonomic Representation in the Cerebral Cortex —The functional 
actixities of the xisoeral organs are n^ulated and controlled through 
centers in the brain stem and spinal cord but thex are not free from in- 
fluences emanating from the cerebral cortex Some of the data which 
mdicate a cortical influence in the control of x isceral functions are not new 
For example Eulenberg and I andois (1876) obserx ed a fall in skin tem- 
perature of the contralateral extremities in response to stimulation of the 
cerebral cortex m the postcentral region m dogs and rabbits, and a rise 
in skin temperature of the contralateral extremities following extirpation 
of the same cortical areas Gowers (1888) reported xascular changes m 

the paralx zed extremities of hemiplegic patients Lewandowskx (1907) 

reported a rise in spl mclinic blood pressure m response to stimulation of a 
certain area m the frontal cortex m the cat Bechterew (1911) adxanced 
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certain cxpcnmentnl <lata ^^Iuch iic mtcrprctwl as mdicatuiR an effect of 
stimulation of certain cortical areas on the cirdne rln t)u« and the hlo(j<! 
pressure He iiKn ol)scr\c<l incrtisctl vkin temperature on t!ic contra 
lateral suit in man in eases of cortical mjura Increased skin tcm|XTnturt 
of the affected extremities of pitients with lieiniplepia unmc<liatcl\ folhm- 
mg the onset of the parah sis and dtert skin tcrnpcmtnreof tlic afTccferl 
t-xtrcmities m chronic ciscs 1ms sjiict liecn ohscrvcxl rejxatcxlh Tlie 
excessite pilo-cnctor actiMt5 on the hcinipirctic side wlntli has lain re- 
corded in main c iscs aflords a dearer indication of ilisturhcd autonomic 
activiU than the tlniigea m skin feiiipcratiirc, since the vascular changes 
which take phet j;i parabml cxtrcinitits arc due in part to ntrophv 
and other changes m the tissues 

The concept of autononut representation in the ccrchnl cortex now 
rests upon the firm foundation nffordtxl In the results of mimcnms expen 
mental studies, including those of I angwortli) and Hicliltr (10 10) I niton 
etal (la'll), Buev (lOH), Mcttler (1915, lOll)), Kcnnanl (19'17), Vinkston 
and UiQch (103S), Crouth and 'Ihoinpson (1039), Bailv and Sweet (1010) 
and I ulton (1039, 1910) \,il autonninic functions prohahlv arc influenced 
hv impulses emanating from the cerebral cortex hut no cortical areas have 
l)pcn recognized as csscutnlK autonomic 
Fibers of cortical origin luu e been tracc<l into tin liv pothal imiis particu 
Iarl\ fiom the precentral and parietal areas I ihtrs of cortical ongui 
through whicli v isccral functions art mflm need al«o terminate at lev cU in 
the brain stem below the dicnccphalon 'Die major cortical influence in 
the regulation of autonomic functions undouhtcsliv emanates from the 
precentral area, including tlic motor ami premotor zones TIic latter 
probably is more dcfinitcl) related to the autonomic nen es than the former 
The importance of tlicbc areas, particiihrlj areas 1 and 0 of Brodmnnn, m 
the regulation of v isccral functions is e\ idcnccil also b\ chnita! ob«cn ntions 
(Christiansen 1939) Autonomic reactions cliciteil h\ stimulation of 
sensory areas (Crouch and Thompson, 3939) and tlie orbital surface of tlie 
frontal lobe (Bail\ and Sweet, l*ilO) also Imve been reported The auto- 
nomic reactions elicited bv stimulation of a sensorv cortical area, according 
to Crouch and Thompson, do not dcpcml on actual ncuriil connections 
with the motor area, but probablv result from «icnsorv impulses conducted 
to the hypothalamus 

Cortical influences on autonomic functions arc cirncd out through 
both the sympathetic and the pansvmpathetic nerv cs, hut no circximscnbcxl 
cortical areas have been recognized which are functiomlK relatetl to one 
of these sj stems and not to the other Stimulation of a given cortical 
area, furthermore may affect various autonomic functions cquall' 
Consequently, it may be assumed tliat m general tlic autonomic svstem 
IS affected as a whole by impulses emanating from one cortical area 
Certain data support the assumption that the major cortical influence in 
the regulation of given visceral functions emanates from areas whicli are 
closely related to the cortical areas respectn eh w Inch influence the corre- 
sponding somatic functions 

Autonomic Conduction Pathways in the Brain Stem and the Spinal 
Cord —In the lower levels of the diencephalon the fibers winch conduct 
mpulses from the hypothalamic centers downward lie widely scattered 
i ost of them emerge from the lateral hypothalamic areas and trav erse 
the central and tegmental portions of the mcbencephalon and the tegmental 
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portion of the pons (^r^goun, 1940) According to Beatie, Brow and Ixing 
(1930), CNperimcntal lesions m certain of the Inpotlnlamic nuclei art 
followed h\ descending degenerition into the spinal cord indicating tint 
the tracts in qiu stion pass partU into the rtticiihr formation of the brnin 
stem and partK into the mtermuholateral cell cohiinn in the spinal cord 
These descending fibers are parth crossed but mainh imcrobsed Thci 
become concentrated m the \cntral portion of the posterior longitudinal 
bundle and the dors il portion of the reticular fonintion of the inodnll i 
oblongata According to Allen (1932), the reticulospinal tracts are in 
part Msceral Since inanj of the short fibers which descend from the 
hjpotlnlamiis terminate in the reticular formation in relation to neurons 
whose axons descend in the reticulospinal tracts, the latter pla\ a role in 
the conduction of ^ isccral impulses from the h\ pothalanius as w ell as from 
the reticular formation of the mesencephalon and pons 
The pathways through which autonomic impulses arc conducted down- 
w ard in the brain stem and spinal cord ha\ e been in\ estigated particularh 
bv Ranson and his collaboritors. Their findings, as summarized b\ 
Magoiin (1940), support the conclusion that tlic-'C patliwa\s include some 
long fibers and an exteusixc sxstem of short fibers arrangcrl in rcla\s 
In the medulla oblongata tlic dcNcending autonomic pathw i\s he mninh 
in the lateral portion of the reticular formation In the sjmial cord the\ 
he mamlj in the anterior portion of the lateral funiculus Most of these 
fibers are limited to one side, Init some cro^s the inedi il plane m the brain 
stem or at low er lc\ els m the spinal cord 1 he descending pathw a\ s w Inch 
conduct X asomotor nnpuHcs from the hx pothalamns, as indicatetl bx d ita 
adxanced bx Harrison ^^ang and Bern (1939), include crossed and un- 
crossed components Some x asomotor impulses whicli cross m the bnm 
stem probably cross again m the spinal cord Pathw ax s through xxluch 
impulses of hxpothahmic origin reach the unnarx bladder, according to 
^^ang and Clark (1940), mdude decussations m the brain stem and in the 


lower lumbar segments of the spinal cord but none in the mterxemng 
portions of their courses Tlic pathways whicli conduct impulses doxxn- 
XX ard from the respiratorx centers m the medulla oblongata, according to 
Pitts (1940), trax erse the interior funiculus and the anterior portion of the 
lateral funiculus in the spinal cord The descending pathw ajs which 
subserxe heat elimination functions in the cat, according to Beaton, Lein- 
inger and iSlclvinlej (1943), appear to be concentrated m the intermediate 
and lateral portions of the dorsal tegmentum in the mesencephalon and 
the pons, those subserxing heat conserxation appear to be located inunl> 
m the lateral tegmental region In certain cases the heat elimination 
functions were abolished bj appropriatelv placed lesions while lieat con- 
sen ation actixities xxere maintained, thus indicating a dual temperature 
regulating sxstem These results also support the assumption tint teg- 
mental pathw ax s arc of greater importance than the perix entncular sx stem 
in ^erent conduction from the hx pothalamns In the monkex , according 
to Beaton and Lciningtr (1943), the conduction pathw aj s for sw eating are 
iocatal m the lateral and anterior funicuh in the spinal cord and arc 
completely or almost completelv crossed The crossing takes place close 
to tne Jexel at winch the fibers in question terminate in the intermedio- 
lateral cell column The pathwax*? for pilo-erection and shix ering appear 

l Some of thmr component fibers 

cross the mcdnl phne but most of them terminate on the same side 
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Functional Connections of the Autonomic with the Central Nervous 
System — The neurons in the nutonoimc j,iinplm niul pltvu^cs are func 
tionilK rclited to the antr-il ncr\oiis s\stcm tliroiiRh the ;;cntrnl Msccral 
efTcrent, or prcR'inphomc components of the ccrclirospinnl ner\e3 Tlie 
nornnl plusioIrij,ic i! ncti\it\ of the autonomic iicr\os, ^\ith certain ev 
ceptions, requires the intcRritj of the prc^atighonic neurons Certain 
expenincntnl data stronglv suggest that, m connection with peripheral 
tissues the sjanpathelic ganglion cells art capable of ®omc jiidependcnt 
acti\it\ (lower and llichter, 1912) Ihc enteric p!cxu‘'es arc dependent 
upon their functional connections with the t*cntral nctaous ssstem to on1j 
i limited extent I or nn nccoimt of their independent functionnl ncti\it} 
^ec Chapter \ 

According to the current teaching the preganglionic neurons cannot 
function in the absence of autonomic ganj^lm I^mgeinlorlT (1001) re- 
ported two cxpinmcnts on cats m winch pregnnghonic stimulation was 
again ofTcctnc three and a half months oftcr cxtirintion of the superior 
cenical sjunpnthctic ganglion I,angle\ and \ndcr»on (19(M) obtained 
an apparcntli similar result in 2 coses out of 8 hut later microscopic 
examination, in both these cases, showed that <onic of the nerse cclU in 
the superior cer\ ical g vnghon had not been rciuox cd , conscqucntlj » some 
of the regenentmg preganglionic fibers rcc>tabhsli«l functional connec- 
tions with the remaining ganglion cells Other experiments of the same 
kind, some of which inxoUed extirpation of the cilinri, and others extir 
potion of the stellate ganglion carried out hj I onglcx Mcldetl onl> nega 
tue results On the basis of experimental studios of tins kind, it has beer 
assumed that the axons of preganglionic neurons are incapable of effcetinj 
functional connections with tissues m which ciTcrent connections ar( 
normally effected only by postganglionic fibers 

The results of experimental studies reported bj Callance (1931) anc 
Beattie, Duel and Bollance (1932) seem to support the liipothesis tha< 
preganglionic neurons base Uic capacity to effect direct functional con 
nections w ith striated muscles In their experiments, carried out on cat 
and baboons, the proximal portion of the dixidcd saonpathetic trunk wo; 
connected with the distal portion of the divided liyTioglossal, descended 
ha'poglossi, facial or phrenic nerve The larger fibers in the cervical sym^ 
pathetic trunk, as was later determined histologically, grew distalward u 
the nerve trunk with which the anastomosis had been effected wherea: 
the smaller fibers grew in but a short distance After functional connee 
tions with the muscles had been established, faradic stimulation of th< 
cerv ical sympathetic trunk proximal to the anastomosis elicited contno 
tion of the muscles In some of the animals apparently nonnal mov emenfc 
of the muscles in question were observed as early as three months afte 
the anastomosis had been effected Recovery of muscular activity wai 
not^ in all the animals allowed to survive for periods varving from 
to 323 days Stimulation of the hypothalamus such as results m dilatatioi 
( 80 ) 
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of the pupil in intact aninnls, resulted in muscular re^ponses of the same 
tj-pe, m tliese experiments, in animals sunning 178 da\s or longer, as 
stunulation of the cer\ ical s\ mpathctic trunk proximal to the anastomosis 
The capacita of preganglionic fibers to reestablish s\naptic connections 
m the autonomic ganglia is amph demonstrated F\en extensne injuries 
to preganglionic nencs undergo rapid restoration If their course is not 
blocked be scar tissue the axons of preganglionic neurons grow along their 
former pathwae into the ganglion and reestablish functional connections 
with the ganglion cells in a relatixcK short time Ixirgis and Ohler (1944) 
reported functional restoration of the sxinpathetic mneixation of the ins 
and the nictitating membrane in the cat four months after section of the 
preganglionic fibers and rcmo\ al of the stellate and upper thoracic sain- 
pathetic trunk ganglia The results of certain experimental studies 
imohing artificial anastomoMs of the distal portion of the cer\ical s\Tn- 
pathetic trunk and the proximal portion of the \ agus, phrenic or a con- 
\enient somatic ncr\c, aho indicate that the interrupted fibers of these 
ner\es ma\ grow into the superior cciaical ganglion and effect s\naptic 
connections with the ganglion cells In experiments reported b\ Duel 
and Ballancc (1932), in which the distal portion of thecer^ ical SMiipathctic 
trunk was connected with the proximal portion of another ncr\c in the 
Mclnlt^, e g, the h^poglo^^al superior larMigcal inferior hr\ngcal 
phrenic or fifth ccrMcal, the ocular effects of cenical SMnpathcctomN all 
disappeared, indicating that the fibers of the dia ided ncr\ c had grow n into 
the superior cenical sNanpathctic ganglion and established functional 
s^naptlc connections with the ganglion cells Marked improxemcnt was 
noted si\t\ da\s after the operation and the e\e» were restored to ncarh 
normal after 100 to 120 da\ s The first apparent change tow ard rcco\ e^^ 
was adNancement of the c\eball Later, the pupil gradualK dilated 
until it became equal to the one on the unoperated side The last sign to 
disappear was the prominence of the nictitating membrane the recession 
of which, in some of the experiments, was incomplete The results of 
experimental studies inxoUing interruption of postganglionic fibers do 
not indicate that these fibers possess the capacitx for regeneration (Tower 
and Richter, 1932, Kirgis and Ohler, 1944) 


Functional Significance of Ganglion Cells —Indmdual preganglionic 
neurons effect sanaptic connections with more than one ganglion cel! 
Indiiidual ganglion cells likewise are smapticalli related to more than 
one preganglionic neuron Ganglion cells, consequent!} , receii e impulses 
which probabl} differ quahtatncK but the\ are essentiallj relaj stations 
in Msceral efferent conduction pathwa\s The results of experiments 
earned out to determine whether thej exert a modifying influence on 
efferent impulses w Inch are rela\ ed b\ them are not unequii ocal 
The pupilhn reactions elicited by stimulation of the ceraical sian- 
pathetic trunk haie been compared with those elicited bj stimulation of 
the plexus on the internal carotid arteiw b} not a few in\ estigators The 
eilects on the ms of section of its preganglionic and postganglionic sym- 
pathetic neries respectueh also haxe been compared The results of 
these studies are not sufficienth m accord to warrant a conclusion regardimr 
tile effect of the sianpathetic ganglion cells in question 
Hofmann (1904) pointed out that stimulation of a single communi- 
eating^ ramus common!} results m actuation of the entire end organ in 
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qur-itjoii i or ex^Jnpir tho <iilntor piipilljr rrspoijfis n.** n w}io!c (o stmju 
1 itKjn of tlie coniinurucntin^r rnrims of n»i\ one of tlic thonicjc nenc§ 
throiif-h ^\hich it is 'iiippJiwI but xtiinulfltion of |>osff,iinj:lionic fifiCM con 
tiincfl in i sinj.lc one of the fong tilinri ncncs rtMiUs in cotitnction of 
(jnl> a Innittd portion of tlic dilator pupillin muscle In the reverse cxi>cn 
incfit 111 «lii()i fcrtnm of the Iour eiliarv ncrvis wvri tut prtviouslj, lie 
nKo ohbtrvtd tint stiinulntion of the cmicil svnip itlii tic rwiilttd in 
tontrution •>! onl\ thovepirtsof tbc dilator piipillit ubicli nrt inncnntwf 
bv tht lonj, nlurv nines ubith ronmiiuW intact J^inplcv pnmtctl 

< ut tbat (111 it iiioii of tlic entire pupil is Himctunes bmu^fit almut bv stimu 
Ijitiuj! of I sui^fle lonff cilmrv uenc He atsumctl tin existence of a 
prtttrrniin) pbxiis of postfrmKbonic /iIkm tlimucfi winch impul-'cs eon- 
(luctid b\ rehtivcK few fil>cr» tnijtht nfTect the entire dilator piipillt: 
itnisdc 111 View of our present lvnowJed/:c of snnpitlun and its role in 
the. nushition of svinjnthelic impulses this as.sumption is no longer 
n'Sf sirv (p tRo IOj) 

( iri in mv csti/jatofN attin/: on tbe assumption tint the effect of t/ic 
}?aoi,hNii ( ells iiiiffht be more rndilv d( inonstMttd in the non cs suppinn? 
the blood ve*' eb tlnn other niitommiicntrxes b) virtue of tlit imixvrtant 
rule of tlu blood vcanls in the nutrition of all the tissues Invc cnrncel out 
siinil ir cxpcrnnciits in\ oh inp these iierv cs In tome mstaueo. the effects 
on c( rt un blood \ cssels of stimiihtion of the prtv and iK)stKanj.lion«c fillers 
respeftivelv were conqnrtd In others the effects of removal of the 
gftiiUmn eclls were studied Tlie results of siidi cti>ernnents do not indi* 
c ite tint the efferent impulse siiffcrji am important inodi/ication bv 
p-vasing throuph the RniiRlion cells Scliiiltr (11)00) oh'crvcel that effective 
atimuhtion of postjjniijrhonic fibers requires a simiulua of Rrxattf intcn‘'ttv 
than ciTcitive stimuhtion of tbe ce»rresj>ondinp propiuiphoiuc 'fillers Ofi 
the Insis of tins ohsorvntion lie advanced the opinion tlmt unpul e^ trv 
versmp the pri^,anphoiuc fibers which are not of sufficient mtcnsitv to 
nctn ate the panphon cells maj bv summation re ich the threshold of stiimi- 
htioii of the&t tells In the tvsc of the superior cervical svanpatlietic 
panphon ^eacU (192G) demonstrated that the pre- and postpinphomc 
fibers are not equally sensitive to induction shocks but he obt lined no 
evidence which secmcel to indicate that nnpuNcs are modified qiianti 
tativ tlj In passuip throuph the p inphon J he difference m the seimtiv if' 
of the pre- and postpanphonic fibers to induction shocks prohahlv is corre- 
lated vvith the difference m the caliber of the fibers 
The ch vracter of the response elicited bv stimulation of a postpangliorttc 
Tiene as demonstrated bj Bronkc/a/ (1938), is notmodificel bv separation 
of nerve from the pinpboii, consoqutntlv, there, is no evidence of 
backfiring from the ganpbon cells or of reflex connections within the 
ganglion According to their findings, a vollcv of unpubes conducted bv 
preganglionic fibers initiates a single femponnh di^iperscd vollev of 
postganglionic impulses The individual ganglion cells disdiarpe each *1 
single impulse m response to a preganglionic vollev Jhe temporal dis 
pcrsiou exhibited bj the postganglionic vollev is clue to the differences m 
the conduction rates of the postgangliomc fibers 
At frequencies of not over 10 to 20 per second, either inaxmi d or siib- 
maximal stimulation of a preganglionic nerve results in discharges of 
constant magnitude m the postganglionic fibers, showing activation of a 
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constant number of ganglion cells It the circulation tlirongh the g inglion 
IS stopped, the numbers of ganglion cells which respond to single pr(> 
ganglionic ^olle^s decrease progressneh Perfusion of a ganglion with 
accUlcholine results in a marked increase in the number of ganglion cells 
w Inch respond to a submaximal preganglionic a ollc\ It also induces cither 
a random discharge of ganglion cells or a rh\ thinic discharge of single 
ganglion cells or closeh sjnthronizcd ones I urthcr data nd\ meed b\ 
Ikonk (1939) support the assumption that the frcquencN of impulses 
emanating from the central neraous sxstem is modified b\ the autonomic 
ganglion cells 

Afferent Neurons Functionally Associated with the Autonomic Nervous 
System —The afTertnt neurons which conduct Msccril impulses into the 
central neraous s\stcm as well as all the pcriplieril afferent neurons 
which effect reflex connections in central autonomic centers arc com- 
ponents of the cerebrospinal ncr\cs, eonsequenth , thc\ arc not included 
in the autonomic nervous s\stein Ihe afferent liinl) of an autonomic 
reflex arc ma\ be cither a \ isceral or a somatic afferent ccrcbrospin il ncr\ c 


component 

Afferent impulses arising in an\ part of the bod\ mu elicit reflex 
reactions carried out through autonomic ncracs Jhe question regarding 
the existence of autonomic neurons which arc csscntnllN afferent in char- 
acter has been much discussed Iherc arc no dat i a\aihblc at present 
w Inch maa be regarded as pro\ ing the existence of autonomic neurons w Inch 
are incorporated in pathwaxs through which afferent impulses are con- 
ducted into the central ne^^ ous s^ stem In general the autonomic neurons 
are efferent in function There is no cle ir c\ idcncc that cither tlic ganglia 
of the sjTTipathctic trunks or the cranial autonomic ganglia either include 
afferent neurons or constitute reflex centers m the ordinarv sense On 
the contra^^, both anatomic and ph\siologic data irc available which 
demonstrate quite clearh tint certain of the pcnjflicral plexuses, c g , 
the mjenteric and submucous plexuses, include reflex mechanisms ind arc 
capable of carrving out coordinated reflex activities independentlv of the 
central nerv ous sv stem (see Chapter \) Keflex reactions mediated tlirough 
the celiac and inferior mesenteric ganglia also liave been demonstrated 
(see Chapter II) 


Axon Reflexes — Although the <Iata available at present speak against 
the existence of reflex connections in the autonomic ganglia (except the 
enteric and prev crtebral) phj siologic data are not w anting w Inch stronglj 
suggest that, under certain conditions, reflex reactions maj be carried out 
through these ganglia Such data were recorded bv Claude Bernard as 
carlv as 18G4 Sokownin (1874) observed that after all the nervous con- 
nections of the inferior mesenteric ganglia except the hj-pogastric nerv es 
v\ere cut, stimulation of the central end of one hvpogastric nerve elicited 
contraction of the bladder, the efferent impulses passing down the hjpo- 
P'lstric nerve on the opposite side Langlev and Anderson (1894) con- 
firmed this finding 

In experiments carried out on anunals m which the spinal cord was 
completeh destroved or the preganglionic fibers connecting the portion 
of the svmpathetic trunk in question with the spinal cord were severed so 
rionnw ^ through spinal centers, I anglev 

(IJUU) found that when the svmpathetic trunk was divided and its central 
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end v> IS ‘itiriiulatcd, coutmtlion of tlie motor juli iiiiisclos nrifl constriction 
of tin ciitaiKous blood \(<?scls took place in an ana coiTtM|>ondinR to the 
distribution of from one to four |»ro\ rnnn alK)\r the IcncI nt >\!iich ilie 
fatiinuJus Mas nppliwl ''Jhtse respiinsis ntre al>oljsh«I l)\ intr3\ctjous 
injection of nicotine or its application to the ««v nipi tJit ticKangba in question 
iml could not lie clicitcii after tlic pfcj,anj.liomc fibers m tin, sxmpithctic 
trunk }nd undergone degcncnition It ap/mnsl to he cMdtnt, therefore 
tint the re actions m quistmii wtrt incdntis] through preganglionic f)^K•^ 
iiid m urons in the ganglia of the a\ mp ithctic trunk On tlie basis of the^i 
fjudings I ingl{\ eoncliidcil that each priganglionic fiber nhich enters the 
itip itlu tic trunk gn cs ri'*t to a nmnher of hrnrithes through nhich it 
(.f'sN Mnptu t<»nncctKinssMthsci<ri! jKrliaps mans, ganglionic neuroa> 
ilii pn;,niigiiomc fihirs nliitli siippK a coinjionrjd ganglion r ff, the 
'-up iKjr uid mfinor cenicil, max send nil thtir hnnclns to one ganglion 
lilt, wliuh enter a single segmoiitul ganglion eomrnonlt traxcr'C more 
th in one i, uiglion and max gixe off (ollatirals xxhith tcnnnmtL in nil the>c 
^ iri„di Jn tilt loner tliontic, hmihar nrul sacral jiortions of the sxan 
,) uio tu trunk in the cat according to Ijinglcx , the inajnritx of the pre- 
i. mthoinc fibers tcnnimte through colInteraU in tlirct or more ganglia 
lien such preganglionic fihers art stimulated distalh under experimental 
conditions the impuht traxch ccntmlnnrd m tin fiber and janplicral 
XX arei in its. collate ral brandies and max actix ate all the pnnghomc neurons 
in relation to a inch these brandies tcnniimie Lnnglex cxplnintx! nil reflet 
plienoniena elicited bx stinmlntioii of the pregnnglionie fibers foltoTxing 
destruction of their comicctioiiH with the eontril nerxous sxstciu on thb 
basis Since ihcx could not he regnnlwl ns renexes in the ordmnrx 5en*c 
he called thorn p^icudo-rcflcxcs Inasmuch ns thex dejiend on afTerent 
conduction through preganglionic fibers, he nho called them preganglionic 
axon reflexes 


rostgangliomc axon reflexes, t c , reflexes nhich art earned out through 
a single axon and its liranclics, also hnxc been described It has been 
asbuincd that stimul ition of the peripheral portion of an axon or an axon 
collateral max gixe ribc to impulses x'hich trvxcl centralxxard through the 
clnision of the fiber stimulated and pcnphernhxnnl through its other 
diMsions, thus calling forth a localized response m the end organ in question 
buch reactions xverc described bx Kuliiie (ISSG) in skeletal mibclcb and 
mme recently b> xanoiis mxcstigatorsm both somatic and Msceral organ' 
bperanskaja-Stepanoua (1925) rcportci! certain plienomena nhich he 
regarded as postganglionic sxanpatbctio xnsodilator and x asoconstnetor 
axon reflaxes m the frog 'Wemoo (1925) also described xibccro-cutaneou' 
reflexes in fishes xvhich he regarded as reflexes mediated through a single 
sjanpathetic neuron the axon of xxhich sends, one branch to a xisceral 
organ and another to the skin Certain cutaneous manifestations in man 
a so naxe been interpreted as due, at least in part, to localized axon re- 
flexes (Breslauer, 1919) 

Preganglionic axon reflexes haxc been obserxetl mamli under expert 
mental conditions Reactions -which haxe been interpreted as post 
pngiionic axon reflexes haxe been obstned under both expenraentnl and 
apparentlj normal ply siological conditions To xxlmt axtent either pre- 
Post^nghonie axon reflexes plaj a role m the normal func- 
tional actixiti of the autonomic nerxes as vet is unknoxx-n 
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Antagonistic and Synergic Actions of Sympathetic and Parasympathetic 
Nerves —The uitonomic ner\ous s\sttm, ns described m Cliapter I, is 
made up of the s\ mpatlietic and paras\ mpathetic di\ isions The pregang- 
lionic neurons of the former di\ ision are components of the thoracic and 
upper lumbar ner\ es, those of the latter are components of certain of the 
cranial and sacral neia ea The internal organs are mner^ ated through 
both s\’mpathetic and paras\ mpathetic ner\es, con«;cquentl\ , the\ rccel^c 
efferent impulses from ^\ldeK ‘ieparitetl centers in the ccntnl neiaoiis 
sjstem, the effects of -winch in generil are Ilntagonl^tlC Tor e.\ample, 
impulses re idling the heart through the para.sMnpathetic neiaes tend to 
inhibit, and impuhea reaching it through the sMnpathetic cirdiac nerics 
tend to accelerate cirdiac rluthm On the contrarv, Migiis impulses 
usualK exert in excitatori influence on the gastro-mtestinal musculature, 
and impulses conductwl through the s\ mpathetic nerves umiiIK inhibit 
gastro-mtestinal motihtv The mfhiencc of the peh ic ner\ es on the large 
intestine is the same as that of the \agi on the more proximal parts of the 
alimentary canal itli regard to the genital organs impulses conducted 
through the In pogastric ner\ es exert a a asocoiistnctor effect and impulses 
conducted through the peU ic nerv es a \ asodilator effect Similar conditions 
also obtain in the cephalic region Constriction of tlie pupil is brought 
about by impulses emanating from the midbram through the preganglionic 
components of the oculomotor nerve and neurons in the cilinrv ganglion 
Dilatation of the pupil is mediated through preganglionic fibers arising m 
the upper thoracic segments of the spmal cord and neurons in the superior 
cervical svnnpathetic ganglion The sihvarv glands likewise, are supplied 
by parasympathetic fibers from the otic and subinaxillarv ganglia and 
sympathetic fibers from the superior cervical sympathetic ganglion 
All blood vessels probably are innervated through s\ mpathetic nerves 
Those m certain parts of the bo<lv probablv aKo are inncrv ated through 
parasympathetic nerves ^^Ith certain exceptions vasoconstriction is 
mediated through sympathetic nerves The s\ mpathetic nerves to the 
peripheral blood vessels also include vasodilator fibers There are no 
known patliwavs by winch fibers belonging cither to the cranial or sacral 
autonomic outflows reach the vessels of the extremities or the somatic 


portions of the trunk It has been assumed b\ certain investigators that 
groups of parasvanpatlietic cells arc present in the spinal coral throughout 
the cerv ical and thoracic regions and that these cells send their axons out 
through the dorsal roots of the spinal nerv es to be distributed to the per- 
ipheral blood v essels but anatomical proof of the existence m the dorsal 
spinal nerve roots of efferent fibers distributed to the peripheral blood 
vessels is not forthcoming 

The so-called antagonistic action of the s\ mpathetic and parasvau- 
pathetic nerv es may be compared w ith the reciprocal action of the cerebro- 
nerves which supply the flexor and extensor muscles respectively 
which act on a given joint TOen cither the flexors or exiiensors contract 
in response to nerve impulses the opposing group undergoes a degree of 
relaxation but is not wholly devoid of tonus since impulses are received 
through its efferent innervation In like manner, the syanpathetic and 
parasympathetic nerves supplying a given organ mamtam a functional 
oaiance 1 or example, an increase in cerv ical svanpathetic tonus, resulting 
m dUatation of the pupil, is accompanied b\ a simultaneous dimmution 
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of tonus m the p'\r is\ in pithetic nents «hicli inncr\ntc the sj)htnctcr 
pupillie muscle Dilatation of the pupil in response to ccninl sjTnpa 
tlietic stiuuihtion pmlnhli is hroii^lit iihont, not onl\ hy contraction of 
the dilator pupiUit tui^cIl, but in pirt iiKo b\ relaxation of the <ip!imctcr 
pupilla;, due to diminished piris^nipithtlic tonus Splanclmic stiimi 
lation, hktiMsc, brings about rclixntion of tlie gastric musculature a 
result i\hich could not be obtained without simultaneous diminution of the 
tome influence of the. xagi Ingcncnl it ma> he lussumeel that mercased 
saTiipithctic tonus is ace-oinpanied hs n corrtsjionding diminution of 
p irasj mp itlictic tonus and nee fcrwi 

Altliough the sampitlictiL and parasamp itlictn, neracs supplaing a 
Riaen organ usudl> preKliitc opposite tlfeets, stunnl ition of either a 
sympathetic or a parasampitlietit iierae soinetnms elicits not the usual 
but tlie opposite elTcct lhi:> prohihla is eictcnnincel ha the initial tonic 
condition of the tissue inaolacd or the hormonal content of tlie blood at the 
moment On tlie other hand, certain autonomic ncracs include lioth ex 
oitatura and mhibitora fibers I or example the pirasaanp ithctic fibers 
suppHing the bronciual and gastrointestinal musculature exert an ex 
(itatorj, and those supplamg the heart an mhihitora influence aahcrcas 
the sampathctic fibers supplaing the bmnclnal and pastro-mtcstinal 
musculature exert an mhihitora, and those supjilaing the licart an cxcito 
tora influence 

Reg:ulation of Autonomic Functions Through DiencephaUc Centers — 
The dicnccphahc autonomit centers locntexl inamla in tlie ha|>otlmlamus, 
«ert a significant rcgulatora influence in all autonomit functions and mo' 
be regarded as functioimllv superimposcel on the lower autonomic mechan- 
isms These centers undoubtedly arc capable of integrating complex auto- 
nomic reactions indcpcndcntla of influences from higher lea els but thex 
are functionally related to the ccrcbril cortex, from xvluch thea rccciae 
regulatory impulses 

Temperature Regulation — Ibc control of boda temperature in warm 
blooded amnials, including man maolaes regulation of licat production 
and regulation of heat clunmation Ilapotbalaniic centers undoubtedly 
play major roles in both these functions although other central methan 
^ms also are inaolaed Experimental data adaanced ba Aronsohn and 
Sachs (1885), Barbour (1912) and Spiegel and Reanolds (1930) support 
the assumption that mechanisms iii tlie corpus striatum plaa a significant 
role m the regulation of boda temperature I xtirpation of the cerebral 
hemispheres including the corpora striat i, in experimental animals how 
e\ er, is not incompatible w itli the maintenance of normal boda temperature 
but the capacity to maintain normal boda temper iture is lost follow 
mg destruction of the hypothalamus (I isenschmidt and Schmtzler, 1914) 
inis capacity also is greatly impaired b\ transection of the spinal cord m 

e cervical region, due to interruption of the descending conduction path 
w^s from th( hypothalamus to the preganglionic autonomic nuclei 

ine end organs through which the neraous regulation of body tern 
perature is brought about are mainly the blood a essels, sweat glands, and 
the internal organs whose metabolic processes tend to increase or inhibit 
neat production The glands of mtemal secretion also play an important 
role m the regulation of body temperature Although not entirela free 
from neraous influences, these glands, through their secretory actiaity, 
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m-w e\ert i direct influence on the metabolic processes through \\luch 
heat IS generated On the other haml the temperature-regulating centers 
ina\ be actuated directh b\ endocrine products in the blood stream 
In a leaa of the mana factors aaluch influence the production and elimination 
of heat It IS obaious that the organs inaoUcd in heat production and 
heat elimination must receia c excitatora and inhibitora impulses from the 
temperature-regulating centers more or IcsS constantla On the other 
hand, these centers must be influenced b\ eaera aarntion m temperature, 
both It the periphera and m the internal organs m part through nerae 
conduction, but mamh through the direct elfect of the circulating blood 
on the temperature-regulating centers 

The reactions of the temperature-regulating centers to the temperature 
of the blood floaamg through them probabU arc of greater importance 
m the regulation of the bod\ temperature than the reflev responses to 
thermal stimulation of the peripheral receptors In experiments earned 
out b\ Kahn (1904), raising the temperature of the blood m the carotid 
artera resulted m peripheral \ asodilatation perspiration and heat d\ spnea, 
ail of aaluch arc common saanptoms of oxorhcating On the contrarx, 
cooling of the blood suppUing the bxpotli damns rcsiiltcil m mcrcasctl 
Ttietabolism m the internal organs and a consequent rise m bods tempera- 
ture Barbour (1912, 1913) and Haslumoto (1915) also found that changes 
m the boda temperature can be brought about b\ changing the temperature 
of the heat-regulating centers bx introducing w ater through fine cannulaj 
inserted into the brain ^^^lcn cold water \\ is introduced, the boda 
temperature aaas r used, when a\arm water w is mtroduceil, the boda tem- 
perature was loaatred 

In aieaa of the phvsiological relationships of the temperature-regu- 
lating centers, we should expect that ana pathological condition, which 
affects these centers directla, initiates strong afferent impulses aahich 
reach the thalamus or gu es rise to toxic substances which circulate in the 
blood, might gi\e rise to pathological changes m bodj temperature 
ilost of the stimuli w Inch giae rise to fexer probably exert a direct effect 
on the temperature-regulating centers Teacr raai also be produced ba 
a xaneta of mechameal, chemical and phxsicochemical stimuli This 
knowledge affords a basis for the explanation of the constant occurrence 
of feacr in certain cases of brain injurj or otiicr pathological lesions of the 
brain substance in proximita to the tcrapcrature-regul itmg centers in 
avhich infection is not a factor Such conditions as internal hadrotephalus 
and hemorrhage in the third xentricle, likewise, mav gue rise to fexer 
due to mechanical pressure exerted on the hypothalamus High fexer 
accompanjang apoplexx , in man> c ises, is duo at least in part to the effect 
of pressure on the temperature-regulating centers brought about bx 
the hemorrhage which caused the disorder Pathological conditions xxhich 
residt m great pressure on the hxpotholamus c g , certain cases of hxdro- 
cephahis also max cause a fall m bod\ temperature due to parahsis of 
the temperature-regulating mechanisms 
In summarizing the results of extensixe experimental mx estigations of 
n3’Pothalamie functions, earned out bx bis collaborators and himself, 
itanson (1940) concluded tliat the hjpothalamie mechanisms mxolxed in 
the regulation of bodj temperature are arranged anteropostenorlx 
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Data athnnttd b^ Uirhotir (IHJ*)) ami 1 (lOiO) also support thn 

conclusion 

'I lie Inpotlmlnniic ntur'il inccliamsmH concerned in the protection of 
t!ic 1)0(1\ a^iinst li\pcrtlirnnn arc locili7«l in tlie rcf^ion in front of the 
optic chmsm and below the anterior cwnniissiirc I/ocnl lienting of tins 
region in e\ptriinental nninmK rcMilts in panting nnrl secrctora ncti\it\ 
of the sweit ghnds Siiperlicitwl Worn! circulating tliroiigli this region 
probably initi U( ■i tiic itnc reactions Leicaliretl le’Mons in tins portion of 
the hvpotlnlaimis result in nnpaimicnt of the ability of tlic IhkJn to pro- 
tect itself against o\(rbtntmg In cats with loc ilizod lesions in this 
irt' p lilting docs not occur t\<n tliougb the l)o<!\ leuiiieraturc readies 
I Tina IS not due to damage to tbc motor ineclianisms through 
will h (oordin itcd panting movements are brouglit nbemt since the latter 
are locatfsl farther caudnil}, probabK m the mestnccplialon (Clark, 
Mflgoun and Hanlon, 1930) Jliest centers receive Iivjiotlmlaniic impulses 
through fihtrs which descend m the intern) Iiviiothninmic area Cat5 
III winch the e centers are frcesl from tlic rcgiilatorv influLiices emanating 
fnini higlur levels bv transection of tlic Imiii stem in the caudal portion 
of the dicnceplialon maj exhibit decerebrate panting even tliniigb the bod) 
temper vturc is subnormal 

The h)pothalamic mechanisms conccnicfl in tbe protection of the bodv 
against hvpothcnnia seem to lie coTxtcnsivc with the hvpothalarmc nuclei 
wlueli arc function illv rclatwi to the svanpalhctic nerves rmtoction of 
the bod) against dulling is not scrioudv iinpairetl l)\ lesions of moderate 
size unless thev arc locatc<l bilatcnillv in the Jaterol bv ivotlinlnnuc area ana 
near the caudal border I arge lesions in other p vrts of the liv pothalamus, 
particularlv in the caudal portion result in imp unni nt of this function to 
some extent ilic neurons involved pitihablv arc at least in part identical 
with those vvlndi sulisenc vnstKxmstnction, piio-crcction and certain other 
sympathetic functions 

Certain clinical data support the assumption tint the livpotinlamus 
pi i)s a role in the regulation of bodv temperature in man comp irablc to 
that which has been demonstrated cvpenmcntallv particularlv in cats 
and monlvC)s Davison and Selbv {loV») rcportcil a case in which the 
body temperature reraamed at nppmxnnatdv 92 4® for several weeks 
before de.vth Postmortem examination m this case revealed extensive 
destruction of the h^'pothalamus, including the lateral Ii)pothaIainic areas 
at the level of the raaniinillarv bodies, causevl b) an angiomi Alpers 
(1930) reported two cases in which operations for tumors alTccting the 
rostral portion of the hjpothalamus were follow «1 h\ rapidlv devclopmg 
hyperthermia and death Postmortem examination in these cases re- 
\ ealed ertensiv e damage to the gray matter in the w alls of the third 
Ventricle just behind the optic chivsm Davison (1940) reported a series 
of cases in which impairment of the temperature regulating mechanisms 
w^a^oented with lesions of the hypothalamus In four of five patients 
with hyperthermia the lesions vrerc localized m the rostral portion of the 
hypothalamus and extended into the lateral area on both sides In four 
patiente with hypothermia, the lesions extended into the caudal portion 
of tlie hj^pothalamus including the vnammillarj bodies and involved the 
lateral area bilaterally 
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Carbohydrate Metabolism —The assumption tint carbohjdr'ite metabo- 
lism IS influenced bj impulses emanating from the liiTiothahraus seems to 
be supported bj experimental data ad\anced b} \arious iiisestigators 
Hj'pergljcemia associated iMth lesions of the Inpotlnl uniis or following 
hypothalamic stimulation has been rcporteil particularly b\ Aschner 
(1912), Camus and Rouss\ (1920), Camus, Gourrav and Lc Grand (1925), 
Sachs and MacDonald (1925), Beattie, Brow and Long (1930), Lewv and 
Grassmann (1935), Cle\ eland and Daxis (1930), Ingram and Barns (1930) 
and others These data show clcarK that carbohidrate metabolism ma\ 
be influenced 1)\ lu potlnlamic stimulation or lesions in this region 
of the brain stein but do not proae that hypothalamic incchamsiub pla\ 
i predominant role m this phase of the gener d inttabolism In e\ alu itmg 
the available dati bearing on this problem long (1940) liis pointed out 
that although the hvpotinlamtis ma\ pHy some part m this function, 
the weight of evidence supports the assumption that the m ijor part of the 
regulation of cirbohydrate metabolism is effected through the activity of 
endocrine glands 

Water Metabolism —1 he assumption that the hv potlnlamiis plavs a 
significant role in water metabolism has been advanced on the basis of 
both evperimental and clinical data T he production of poh urn bv stimu- 
lation of the hvpothalamiis was reported bv Lckhart as earlv as 1876 
Polyuria and polvdipsn arc not uncommon phenomena associated with 
hv’pothalaraic lesions particularly m the rostr il area Some of the most 
significant studies bearing on the general problem of water metabolism 
have been earned out in in effort to determine tbc etiology and pathology 
of diabetes insipidus This disease is now known to be associated with a 
deficiencv m the production of the antiduirctic hormone by the pars 
nervosa of the hvpopUvsis, but it is causally related to the hyTotlulamus 
m so far as the changes m the hy pophys,is resulting in the arrest or retarda- 
tion of the production of the antidiurctic principle are related to hvpo- 
thalamic lesions Extirpation of the pars nervosa of the hypophvsu, or its 
atrophv due to interruption of the suprioptieo-h\ pophy seal tract com- 
monly result in retardation or complete arrest of the production of the 
diuretic hormone and consequent diabetes insipidus (Eisher, Ingram and 
Itanson, 1938) 

The earliest extensive studies on the relation of the livpothahmus to 
diabetes insipidus are those of Camus and Uoussv and their collaborators 
(1913-1925) The results of these studies seemed to warrant the con- 
clusions that hv pophy sectomy without injury to the hypothalamus does 
not result m diabetes insipidus but this disorder may be produced in 
hypophv oectomized animals by puncture of the hy pothahmus It may also 
result from a lesion in the hypothalamus m the region between the optic 
chiasm and the cerebral peduncles without injury to the hvpophvsjs 

assumption that a dtficiency of the antidiuretic hormone 
produced by the pars nerv osa of the liypophvsis, or its complete absence, 
results in poly una is supported by ample experimental data it seems highlv 
probable that some pars nerv osa tissue must hav e remained m the In poph- 
ystctomized animals which failed to develop diabetes insipidus There 
IS no good reason to assume that diabetes insipidus can dev elop m complete 
absence of the hvpophvsis, since the diuretic influence of the pars distalis 
also has been removed 
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'llic TLSults (if more recent stwlits pirticuhrlv tho^i. of Unnjon and Im 
coiuiiontors h iM- proMded tin Iiisis for i\ more unnpldc cvnhntmnnf 
the iidiro^ciiK futois ui the cmnUioii of polvuna and poUdipsn ju 
ohs(rvc(i m di date-, insipidus and m tlit rt}:nlation of ^^atcr inctnlwlLin 
Ihe rcguhtion of water cxclniiRc is mcdinti'd tlirougli hormonal agents 
hut the production of tlic antidiiirctic hormone is regulated through the 
supnoptico h\pf)ph^ cal trict Intcmiptmn of this tnict results notoiil> 
in arrest of tlic production of the antidiurctic hormone m the pars ncr\o«a 
of the hi'poph%sis hnt also in atrophic tlmnges m this part of tlic gland 
(Tidier Ingnm ind Hanson 19tS) 'Ihc htpothalainns, conseriucnth , 
txerta a '’ignilitant mflmnct m water imtahohsin through the supraoptic 
nudoi and Hie supn()ptico-h\'poph\‘‘(al trntl I Ins jifimt of Miw is 
bUniKirtcd li\ the work of Ingram, l^idd and Henhow (19 19) in which thes 
con isttiitU faded to roto\cr mtidiiiretic sulistnnec from the untie of 
e Its m I h eh the iicr\ e fibers cvtenduig from the hsTiothalnmus to tlie pars 
rer )sa of thi In pophj sis had been uitt rniptifl 

1 he displiiccment of w atcr from the blood plasma to the tissues m a cold 
»ti ron neut and from the Iismun to the hlmMl plasma in a wnnn invimn 
III nt b correluti'd with the regulation of IxmK tcmpemtnn In an ct 
ten«i c studs of the control of water mo\tmtnt in rtsixnist to cn'iron 
mentil temperature, Barbour (1010) found tint m tats tnnsettion of the 
brain stem m the anterior region of the h\i>otlmlamus nnv result m ol>- 
normally higii osmotic pressure Ittels with rwluetion in the specific 
graMt> of tlie blood llie normal osmotic presAua and sjKjcific grt'di 
responses to cold persist onlj when injiirt to the Iin potlnhimus ux \ olv cs the 
rostral portion Che control of osmotic pressure and the specific griMtv 
of the blood therefore seem to be locdired in the rostral jxirtion of the 
hi potlnlamus the former in\oKing a somewhat more extensile portion 
than the latter 

In the monkci osmotic pressure and the specific gniMti of the blood 
also arc regulated through the nntenor thnlamic nuclei, but this animal 
exhibits the capicitj to utili/t pathwnxs for Mcanous rtgulation of tern 
peraturc and water shifting m a remarkable degrexi Temperature regu* 
lating and osmotic and specific j.niMt\ reactions retoier within a period 
of approximatelj eight days e\en after complete trinsection of the hram 
stem at the le\ el of the roots of the oculomotor ner\ (b 

Fat Metabobsm — Disturbances m fat metabolism liaxc been obscried 
frequently m association witli either hyTiothalamic or Inpophxscal lesions 
Both these structural entities probablv influence this important function 
Ex aluation of the role of each m fat metabolism is rendered e' en more 
difficult bee vusi of their close proximity to one another and the neural 
connections of the hypophvsis with the hy*pothalnmus 
On the basis of his findings in an evtcnsiv c study of dy stroplna adipo'^o- 
pnitahs Frohlich (1901) adxanced tlie opinion that this disorder is caused 
by a hypothalamic lesion This opinion also is supported by Erdlieim 
found the hvpophysis histologicaUx intact m patients 
with dystrophia adiposogemtalis On the other hand, he also found thb 
disease associated xxith hypophxscal tumors On the basis of his own 
observations and those of oBier mvestigators he concluded that dvstrophia 
adiposogemtalis when associated with a tumor of the hypophxsis is not 
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ciubccl b\ lu-popln (Usfunction but h\ tiic effect of tlie tumor on 
'idjicent p^rts of the In potlnl unub 

I \Klence of otlier clinical sxmlroincb vhicli iin ol\ c disturbances m fat 
metabolism associated vith lesions of the Inpothahmiis in the absence of 
lesions of tile Inpoplnsis is not >\ anting (Cuslung 1912, 1 ulton and Bailcv 
1929, Econoino 1931, Ihermitte 1934, Gagel 1936 and otlicrs) ^larked 
adipositj due to a Inpothalamic lesion iibiialU is issociatc<I ^^lth a lesion 
in the region of the tuber cinereum Extreme emaciation somctimcb is 
associateil ^\lth a lesion of the Inpothahmub located firtlier from the ros- 
tral end In some instances ulipositj associated i\itli i In potlialninic 
lesion IS followed h\ emaciation 

In an extensne iincstigation of the scrum lipoids in patients with 
hj pothalainic disorders, Gildca and Man (1940) found the f ittj acid and 
cholesterol contents abnormalU high in all cis<h, In a similar studv in 
twent\-foUr patients with Inpophjscil disease, the\ fouiul the lipoul 
content abnormalU high in onl\ h\c cases 
The results of experimental studies, including those of Smith (1927 
1931), Keller et al (1932, 193G),Crookc and Gilmour (193S), Biggart and 
Alexander (1939) and Hanson and his collaboritors (1938 19 19) ami others 
show clearlj tint m xanous mammals bilateral Icbions in the region of the 
tuber cmereum which max extend deepU into tlic li\ potlnl umis but with- 
out injurx to the hxpophxsis, max result either in obcsitx or emaciation 
Lesions inxolxing both the hxpothalamus and the hxpophxsis also result 
m disturbances m fat metabolism On the other hand, complete rcmoxnl 
of the hxpophxsis without damage to the hxpothalamus docs not result 
in adiposity 

The experimental data cited aboxc emphasize the importance of the 
anterior portion of the hxpothalamus m the regulation of fat metabolism 
but the> do not x\ arrant the conclusion that this function is localized m 
anx particular nucleus or group of nuclei As Biggart and Alexander 
(1939) haxe pointed out, all lesions causing obesit> interrupt some group 
of fibers The data adxanced b> Ilcthcnngton and Hanson (1940) seem 
to support the assumption that interruption of longitudinal fibers located 
in the xentral portion of the hxpothalamus is more important in the pro- 
duction of adipositx than interruption of the hxpotlnlamico hjpophjseal 
tract 


Animals which haxe become obese following h\ pothalainic lesions also 
exhibit other metabolic disturbances Iletherington and Wed (1940) 
reported widespread changes in the phx biologic econom> of the bod> in 
rats obese due to hjpothalamic lesions Chemical analxsis of the tissues 
showed marked depletion of the supply of both calcium and phosphorus 
and irregular reduction in the iron content 


The mechanism through which the hv pothalainic influence in fat metabo- 
lism lb exerted is not fullj understood This influence ma> be mediated 
secondanlj through the h>poph>sis or through neural connections with 
the lix er and possiblx other glands 

Protein Metabohsm —The hxpothalamus undoubtedly exerts a regu- 
latory influence in protein metabohsm, but the mechanism through which 
this IS accomplished as jet ib unknown Data bearing on this problem 
are reiatixelv meager Hxpothalamic stimulation apparentlx inhibits 
protein metabolism (Leschke and Schneider, 1918), whereas elimination 
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of tilt influtntt. In trin««w(ic)n of tlit ^pinnl cord m the 

tmical region rc'iiilts jn its ntcohnition (I rtund nnd (imfe, 1012, lOH] 
Sexual Behavior -Diln kiriiij; dircctll on the mnilciicc of the hino- 
tiularaus in rc\u il hdniior lit act lire inLicer In certain sliccira the 
Komdotropit fniictioiH of the ln|Kiiiha5ii are knonn to Iw mnucnccj 
lij impiil IS ennmtnip from the IniKithalainm (Drookt I'llO) Ili-ao- 
t ialamie inoiliinisiii, eomc,, ninth, mint exert an imlireit mnucncc m 
till pnitha tion of Romihil hnnnnnes ‘tixnal lieli luor nnilaiihtecili 
1 epemh n. I irsi nieTsiiri on the mctionx of ccnimi m nml nieehannms to 
ttitbc ti'iniHMial 'xun tiuicts 


III urlan, inamnnl,,,, spetn-i th, foil |ntlirn of nntniK Ulmiorean 
'I (Ini'Kl ilte- lompliti (Iceortiiation ( oin|innrnt p irta of this pattirn 
il 0 . ill hi lii.itei! in nninnh «ith the hrnin stun Ir-insectnl IhIom the 
ihonii plialiiii I Uilinci of am essential rule of tin eonms stnaliim or 
tlic in ijiir pirti ,ii of the tlnhimis in the i lalnimtion of the sexual lichaiior 
“I>m"":nlnl .lain snp[iort tlie iiasninptmn that 
1 , V III V\oul\ ('hhiflcaiith infliitneixl In h>pothalanncniiiri] incchan 
jiipnf I li docs not wnrmnt npretiv; state- 

‘ ''CnOtl’ 

ot '!c\uil reactions 

exo^s!nn°nr°*i''r"i~.*^ siRiiifiiaiit Fult of tlic 111 jiotlnhiniix in emotional 
^Mmed , ‘ "mnitcstalions, is iinhmtixl In the data 

Xrdoo™ r"' '"'t^tisations 'ihiM data hoacicr 

hraui 

aimdirto rne’f ■ '"Knf of riRc, in a dexxirticate dof 

mitirfi eiiilel s n’"’ 'I'} <'<>K '>"1 olmitcil more casih lor 

eioked harkme ' '** {"ff *1'^ ‘’”oh as miioMiiK it from its cafie 

reartiona m a de? , T ffo'''"'""" (H>2t) re|iorted similar 

cats hai c hei nr* I ictions simulating rape m decorticate 

Sire, no no™ ■■■' oatnrators, mchidin^ Dusscr de 

mre me (10.( ) Cannon and Britton (1927) liani tl9 >8-1024) nnd ollieis 

• mtS dX eTt' of tlfi, Srt 1 SI 

decortmate an nX "‘‘r’ =mil,latn,K race in 

nSrfasXhimXl„”'n"" C«nnon nnd Britton den; 

after the stimidus h ,s s£l«7 >'o "“t oontinue 

BardXd^n^cXlorS'a94-^9?)T'‘*^^’I‘ ‘''l™''*'"'' O"*’ "O'' 

regularU after nhln+mn p Ti sham nge could be elicited 

diLephakX Aeir dX ""'1 ‘I'o rostral half of the 

neural mechanisms n hieh nluTl "“"'"‘f •'"> oonchision that the central 
m the caudal portion of u“f, reactions arc locaharf 

ported bj extensile data Ihis conclusion also is sup- 

Bansonandlnsco-norkers other lin cstigntors, particularli 

in emotional <4>"rasion\s includes mechanisms imohed 

this part of thTbXn of experiments m iihich 

m an anesthetized cat ehcTts'mrt^Tll’*'^ dlrectlj Such stimulation 
waking state it elicits the tulf^. ^ * 1' reaction In a cat in the 
Affective respoXes m aeXT'’“°f' (Kabat el of , 1935) 

P nscs m acute decerebrate animals have been reported 
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pirttcuhrlj bj '\Yood\^o^th 'ind Shcmngton (1904) and Ktller (1932) 
Thev differ from the affcctue responses of decorticate animals m being 
less complete Some reactions maohed in nffectiae bclnMor obaioush 
are mediated through central mechanisms located in loii er dia isions of the 
brain stem, but the full expression of reactions such as those of sham rage 
requires the integnta of Inpothalamic mechanisms In experiments 
reported bj Kessler (1941), cats and monkcas exhibited no spontaneous 
emotional reactions folloiaing total destruction of the bjpothalamus, 
although affectne responses could l)c elicited reflcxh 
The emotional changes associatwl with lupothahmic lesions in m^in 
inelude alternating moods of excitement ami depression (Aljicrs 1937), 
exccbsue emotional labilitx (Dott, 1938), anxicta (Guttman and Ilcnnan, 
1932, Gnnkcr, 1939) and apatlu llie emotional crises of patients a\ith 
Inpothalamic disease are fairb unifonn despite their prcmorbid emotional 
make-up (Alpers, 1940) The clinical data axailable do not arrant the 
conclusion that the In pothalamus is the chief center of emotional expres- 
sion but clearh indicate that it plaxs a significant role in emotional 
bchaMor and that Inpothalamic disease not uncommonh results in 
emotional disturbances 

Sleep and the Waking State —Patients i\ilh hjpothalamic tumors not 
mfrequenth exhibit somnolence in i inarkcil degree 'Ibc results of studies 
of encephalitis letliargica, particularly those of xon Lconomo (1930), 
also afford eaidence of tbt subcortical regulation of sleep Ihis investi- 
gator reported cases in v\ Inch somnolence w as associated v\ ith inflammation 
of the grav matter at the junction of tlic dicnccphalon and mesencephalon, 
and cases m which initial chorcic unrest and tormenting insomnia were 
associated with lesions located more rostrally in the walls of the third 
ventricle Ihe results of other clinical studies, nnnv of which have been 
reviewed bv Harrison (1940) afford further evidence of the importance of 
hvpothalamic mechanisms m the regulation of sleep 


The results of animal experimentation also support the assumption 
that the hypothalamus includes important sleep regulating mechanisms 
Some of the most significant experimental data liave been reported b\ 
Hanson and Ingram (1932), Ingram, Bams ami H anson (1930) and Hanson 
(1939) These data and those reported b\ v anous other inv estigators Imv c 
been critically analvzed by Ranson and IVIajmun (1939) On the basis 
of the data analvzed it is ev ident that bilateral lesions m the caudal portion 
of the lateral hypothalamic region result m somnolence most consistentlv 
Lesions in the central grav matter or other parts of the hv pothalamus w Inch 
do not involve the lateral hvpothahmic regions usuallv are not accom- 
panied bv somnolence Data reported bv Harrison (1940) indicate that 
'cry small bilateral lesions accuratelv placed in the lateral hvpo- 
thalamic region consistentlv result in somnolence m a marked degree 
Since decortication results m increased excitabilitv and direct stimu- 
lation of the hypothalamus elicits intense excitement, whereas appropri- 
atelv placed bilateral hypothalamic lesions result in somnolence it seems 
reasonable to assume that somnolence results from suppression of by po- 
thalapiic activity and that, under normal conditions, the hypothalamic 
drive exerting its influence on lower neural centers is an important factor 
m maintaining the waking state Elimination of tins influence results in 
relaxation of the bodv and thus favors sleep Ihe central mechanisms 
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thr(jui,h ninth ihc slo<j>*w ihing rlntlini is r(;,n!il«I therefore <lo not 
coiistitutt ft shop ctntir' hut as Ims heen iwiutcel out liv Ilari«on 
(1010), ft region tlic intogrils of nliicli is r«inirc<l for mntntnming the 
nafjng state 

General Visceral Functions —JIu roguInlor% niflueiict of the In^po- 
tin! imus in the \ nnoiis ixnhlv fnricti<»ns refi rris! to nlwt c is ctcrterl iniinl\ 
on Mbctril organs hut in pirt on viinatic tKsiKs Siiirt tlit tfTerent 
inucrMitioii of the Msctrnl organs is s«jcK flutnnoniic, impulses emanating 
from the hapotl) ilamiis rcith tlitm oriK llimugh tlu nutonomic nenes 
llie omitK tis-)iies icc(]\L hv|X)tlialnuiic impulses (Iiri'tth through extn 
j)\nini!ilal ^oin itic ((Tertut tondiittion pithuivs Sunntic tissues ina\ 
il o 1 1 n /luencod through heiniioiuil ngints lilicralt'd lu tsmsw|Uinte of 
lifnnomii ^tlIm^htl{m Iti'^pimtiou tuns lie regnnleil ns n gcntril Msccral 
funttiou » 1 (li m^oKt-* I’ctiiisixt smimtit nturotnuscular iiu'chaiusms as 
wi'lftstlu uitonomit irincrxfttion of tilt respirators tnitt 

lit fun<ti"nal regulation of tlic cnnhoxftstnlftr s\>tcm under normal 
])!i\ sjolfig < ( finditiona, w rn«h it«l itminlx through centers lu tlie mishilb 
o! long ti Hie t nitthatiisins arc siil>ject to regulatorx inlliienccs from 
hi^l ( tr ttrs and proliahK retiuire such mflurnit, partitiil irlv from the 
I xixitlnlnnus for the mlwjinte ndjustment of the IjIixxI /Iox' under 
\ irioUi e»u ditious of IhkIiK actiMtx mid external tcmperiturc 
i:.\-ptrn untal t\ idence of the top u its of the 1>\ |x>tlml iimis to influence 
cardiov istiilar fimttion is not xxniiting 1 lectrieal stimulation of the 
lixputlul nmis max cause a rise m hlinxl pressure or a fnll dcpcndingon the 
lot ition of the clettrodes (Knrplits and Krudl, lOlS Ivnhat Slagounnnd 
It mson 1935 Hare and Goehegan 1919) l/otnlircti heating of the h'^po* 
thalamus results m \fls<Mlilatation, localized taxxhng in \ nsticonstmtion 
(liarhour 191J Magoun Ifftrrwm Uniheck nnd Jtnnson lOlS) Tlie 
rn ignitudc of the cfTcct of impulses cmnnnting from the li\ |x>thalamus on 
the cardioxnscularcentcpsin the niodull t oblongata is conditioned h\ other 
mlhienccs acting on those ctnlcrs at the inomint, such ns nlTcrcnt impul cs 
from the aorta and the carotid sintiMrs Ihe lixixitluilnmic influence is 
decreased during concurrent afferent stimulation from these sources and 
increased during afferent stimulation xvhich tends to uxcite the \nsomotor 
center to produce a rise in Mood pressure Con\ crvciv , the effect of nfferenl 
stimulation on cardioxasculnr centers max he modified hx lmpulse^ from 
tlie hxpotlnlamui Afferent impulses from the carotid sinuses nnd the 
aorta mliibit the discharge of elTcrent impulses through the cardiac ncccler 
a or nnd xasoconstnetor ntrxes less cffoctixelx during a concurrent db 
rge o excitatorj impulses from the loTiothnlamiis xxhcrcas the effect 
01 peripheral afTcrent stimulation is increased Ilxpotlnlamic flctixitx, 
augioeiit or decrease the effcctix ene»s of afferent im 
and LaJi-abeeri97o)’^^“'^*“*" (Bronk, Pitts 

re‘’Ponses to InpothaKmic stimulation coininoiilx are 
latinn nf thn 1 ^' ^^^Pouscs III other xisceml organs Appropriate stimu 
Monrl nrps 5 i, in an anesthetized animal results in increased 

dilatatmn 0 ?*^+! of tlte smaller arteries nnd arterioles 

moreased ^ acceleration of the rcspintorv inoxcmcnts and 

urinarx MarUpr pf increased tonus of the musculature of the 

^ etc Dilatation of the pupils and contraction of the x as 
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cuhr inuscvihture ore mcclnted through sj-mpithetic ncnes, contraction 
of the bladder musculature is mediated through parasvmpathctic ner^ cs 
Both these responses are frequenth associated ^Mth acceleration and in- 
crease m depth of respiration during InTwthalamic stimulation 
The particular combination of responses elicited b^ stimulation of the 
h\pothalamus is determined m a large measure h\ localization of tlie 
stimulus Contractions of the urinar\ bladder associated ^\lth a decrease 
in the rate and depth of respiration, sometimes accompanied h\ a decrease 
in blood pressure and retardation of the cardiac rlntlim, may be elicited 
m cats bj direct stimulation in the region just m front of the lu pothalainus 
(Ranson, 1940) riicse results sup|)ort the assumption that impuhcs 
emanating from the rostral portion of the hj pothalainus reach the a isceral 
organs mamh aia the parasampathctic nciacs Stimulation of the ha^po- 
thalamus farther from the rostral liordcr commonh elicits Msceral re- 
sponses mediated through saanpathctic nciaes, c q , inhibition of gastro- 
intestinal motilita and acceleration of cardiac rhathm, but ma> also result 
m contraction of the urinara liladder or other parasampathetic responses 
due to stimulation of descending pathaaaas arising m centers the stimu- 
lation of aahich normalla elicits parasj inpathctic response^ In general the 
regulatory innucncc of tlic ha pothalainus on the aisceral organs aahich is 
mediated through the parasampathetic ncracs seems to emanate from the 
rostral portion and that which is mediated througli the sampathctic nencs 
from the more caudal portions, including the lateral ha pothalamic regions 
Fragmentary obsera ations on the autonomic reactions elicited by direct 
stimulation of the hapothalamus in man indicate that tlicy are com- 
parable to those obsera cd in experimental animals As reported by White 
(1940), electrical stimulation, under local anesthesia, of the nal) of the 
third aentncle m the region of the paraacntnciilar nucleus elicited abrupt 
acceleration of the cardiac rhythm and a rise in blood pressure m fiae 
conscious patients Similar stimulation in the region of the preoptic 
nucleus resulted in retardation of the cardiac rhathm in one patient 
Operative manipulation m tins region regularly resulted in sudden brady- 
cardia m sea en conscious patients but no retardation of the cardiac rhy tlim 
m patients under atropine or ether anesthesia Of eiglit patients in whom 
stimulation or operative manipulation of the hapothalamus resulted in 
brady cardia four exhibited abrupt depression m the lea el of consciousness 
ranging from drowsmcas to coma 

, Hypophyseal runction — The various hapophyseal hormones plaa a 
significant role m the regulation of visceral functions both through their 
neurogenic effects and their direct influence on the activities of other 
, endocrine glands The ha pothalamic influence exerted on the pars nera osa 
^ of the hypophasis through the hypothalamo-hy pophyseal tract is discussed 
^ in a preceding section (see p 90) The fibers of this tract terminate 
mainly m the pars nervosa, but presumptive evidence that nerve impulses 
conducted through it also reach the pars anterior is not wanting, since 
^ Brooks (1938), Hair (1938) and Rasmussen (1938) have traced some fibers 
ot hypothalamic origin into the anterior hapophaseal lobe In man 
to Rasmussen, the number of these fibers is negligible 
Ihe pars anterior of the liaqiophysis seems to have a basic secretory 
rhathm which is regulated mamla through hormonal products of per- 
ipheral endocrine glands binder certain environmental conditions this 
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TU^tUmma^ hi «i(nUfic<! bj imptilscswlmb rcndj tbc tlirouph 

the h\pothiliifno-li\pophtsci] tract ami, prob,»l))\ to a leaner extent 
through tilt cortifa! ‘'t nip tthctic ntiacs Tlit production particular!) 
of the tlnrotropH luul gon ulolrojnt honnoms J5 Known to lie influenced 
throuKl> tht‘^( tondutticm patlrontn (totila, l&tO) llic loiKitlmlamic 
n^ul ition of the t iuirimmcH mn\ be of consiticmblc biological ‘'igmficancc 
siiK p It pr**\ i<h s for h\ poth il nine rtgulntion of ctrfain nutononne functions 
tliroiigh thf hvptjplnM'i as well as tbmugb tbt peripheral nutononne 

lit r\i‘' 

Cortical Regulation of Autonomic Functions \inojig the cirl^ m 
\f ti}.vt*)r'- who ruogmrwl cnrtunl participation in the regulation of 
\ uril nm\ he iiuntioned, SthilT (187'>) nani!twsK\ (187o), 

Ihx hi toK {1^7U^ Ilechttrtw nml Mistawski (18S0), Strieker (ISSG) 
Wiiikhr iivis) ind (*tlicr< lhc\ dctcctiai cortical iiiflucuecs exerted 

ilifoii^h r!i< uiPinoinK mr^e^maml\ on the can!io\a‘*cnlar sastem Tlie 
n lilts ,it muiurous inorr rmnt niaeatigntion'i !m\c rcsc'dctl cortical 
li lint ill HI the rtgiihlum of all \iscenl functions '1 h( concept of general 
u*(iii<inu itprt ( nt ition ui the circbnl ttirlcx now rests on the resuiU of 
iiiii'v <\junmoutttl studies imo)\jnp l>oth stimuhtioii and ablation of 
itu *1 lO IS m luiumds including priinati^s and nbimd uit clmtcal ol>«er 
' tiNK lh( htiritiirc biarmpontlusprobicm lusbc'comc tooiolmmneus 
hi hi n \ ]i will in (h tail in tins connection It Ins lK*cn guinmanzcd par 
oiuIitIn Un 1 liUon (bMt» and Kcnmrd (lt>17) 

I Ik lortit d regions mvobesi in the fcpuhtion of autonomic functions 
unhide mmil\ tiic motor and premotor areas particularly arras 4 and 6 
of Hrodm mn dtliougli a iscerd effects of stimulation of certain otlier areas 
hv\t been reported (IhiK md Sweet IftlO) fliero is thcnforc extensnt 
occrlippmp of the areas mctiUed iii uutonoimc and somatic motor fune 
turns inakmp possible a liigh tlepree of correlation between \i«ccnl aac 
iotu itu reactions Hie areas wlueh are chitfl\ concerned in the cortica 
riculatum of specific Mscinl fumtions probibb arc closcK related tf 
tin (ortii d areas tlirough which correspondinp somatic functions nr 
regul ittd (bpicgcl, 1928) 1 or c.\ainple stimulation of the motor area fo 
the fact and tongue elicits sah\ation and stimulation of the motor cm 
heids elicits lacnmation ihc autonomic responses to localized cortici 
stimulation arc less dcfinitcb circumccnbctl than tlie somatic response 
since stiraul ition at a single point nm result in n xridcsprcnd discharg' 
through the autonomic nerxes There arc no circumscnbcd cortical area 
for sjmpathetic and pans) mpatbetic reactions respectiyeh but th 
character of the autonomic response to stimulation of an\ appropriat' 
cortical area seems to be determined h\ the ph) «iiolopical state of th 
animal and the phj siologic d state of the cortex at tlie time of stiraulatioi 
(Crouch and Thamp!*on, 103P) 

The mechamsms through which impulses emanating from the cercbio 
cortex influence Msceral functions as )et are not fulb knorni Tlie fiber 
of cortical origin through which these impulses are conducted probabl; 
terminate marnf) m the dienecphalon and at lower levels in the bram stem 
Much of the cortical influence undoubtedK is excrtetl through the hjTO 
thalamub Some of the available dati, particuhrK those which indicat 
exaggerated autonomic activity following cortical ablation, support th 
assumption that the influence of the cerebral cortex on \ isteral function 
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IS predominanth inhibiton Direct stimulation of the cortax in intact 
animals sometimes dicits autonomic actl^atIon but more commonh 
autonomic inhibition The exaggerated autonomic acti\it\ commonh 
obser\ed following cortical lesions ob\iousl\ indicates the release of the 
autonomic centers m question from the inliibitorv influence of the cortex 
Particular cerebral states influence x isceral functions more or less spccif- 
icalh Tor example grief not uncommonh results in depression of the 
general metabolic functions and actix \tion of the lacrimal glands States 
of perplexitx or fright commonh result m generalized sxmpathetic stimu- 
lation Paerx emotional state probahh results m xasomotor manifes- 
tations which not mfrequenth are liiglih specific Worrx commonlj is 
accompanied bx peripheral \ asoconstnetion ]o% b\ peripheral x asodila- 
tation shame bx an irregular distribution of peripheral \ asodilatation 
Such X isceral reactions to cerebral stites al^o huxe their counterparts in 
somatic reactions Por example, pleasurable emotions are reflected in the 
buoyant postures and moxements of tlic bodx Grief, on the other hand, 
IS reflected in drooping postures and slow moxements Strong emotions 
max result in temporarx loss of muscular control under certain conditions 
and the abilitx to exert cxtraordinarx muscular effort under other condi- 
tions These somatic responses undoiibtedh arc closch correlated w ith the 
visceral responses associated with the same cerebral states 
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CHArTru V 

GENERAL rinSIOtX}GY (CovriNuro) 

The Autonomic Nervous System in Relation to the Endocrine Glands — 
Function'll interdependence of the ftiitonomic ncnou<5 si stem nnd endo- 
crine ghnds IS dcinonstntc<l hj 10*101 phisiologic'il plienotnena This 
rehtionsliip is deep seated nnd miv lie rcgnrdetl ns n result of long-con- 
tmed ciolutionar^ processes The most primitiic forms of nnimnl life 
respond innmli to chemical stimuli Tliesc responses nre inndeqintc to 
meet tlie needs of higher nnimnls Hie development of a nervous svstem 
through which rapid conduction and widesprcid counhnation can he 
accomplished is a comparatively late event in evolution In nil the higher 
animals, reactions to environmental factors ns well ns the regiilntorv 
control of the internal organs are doimnatcil hv the nervous sv stern hut 
chemical stimulants plav nn important rolt in the functional regulation of 
the internnl organs As ilifferentiation a<Ivnnec<l the chcmicil stimulants 
became concentrated nnd specialiroil m the dnctIc^s glands nnd tliere arose 
a reciprocal relationship hetween these glinds and the innervation of the 
internal organs through which a delicate halnnce of the vita! functions is 
maintained The first purpose for winch rapid conduction and coordi- 
nation hceame vital jsstlf preservation B\ virtue of tlie widedistnbution 
of efferent impulses made possible bv the svnnptic connections of a single 
preganglionic fiber with imnv ganglionic neurons, and tlie chemical tnwli- 
ation oNicrve impulses, partitiilnrlv at tlio nciiro-efTcclor junctions (sec 
p 3(M), the autonomic nervous svstem is adapted for rapid and wide- 
spread reactions In these reactions the autonomic nerves stimulate the 
secretion of the endocrine glands These secretions ni turn augment the 
responses called forth through the autonomic nerv cs 
The Adrenals —I anglev ’s gcncnii/ation tint tlic effect of ndrenm on 
anv part of the bodv is the same as the effect of stimulation of its smu- 
pathetic nerves, expresses one of the fundamental reciprocal relationships 
of nervous and chcraicnl stiiniih Although tliere are certain exceptions 
to this generalization it mav he stated that svanpathetic stimulation 
commonly excites the secretion of ndrenm nnd ndrenm merea'ses reactivity 
of the syonpatlictic nerv es to stimulation 
Not a few investigators have obscrvcil nn incrcisc in the amount of 
adrenm in the circulation due to sympathetic stimulation Cannon nnd 
delaPaz (1911) reported an increase m (he adremn output due to emotional 
stimulation Hii'* observ ation has since been corroborated repeatedly , 
particularly 1)\ Cannon and his associates The influence of ndrenm on 
the resistance of voluntary muscle to fatigue has long been known (Oliver 
and Schaefer ISO'S) According to Gruber (1013) adrcnin does not 
lower the threshold of stimulation for normal muscle but promptlv in- 
creases the irritability of fatigued muscle even when a rise in blood pressure 
is prevented \drenin also plavs an essential role in calling forth stored 
carbohydrate thus increasing the sugar content of the blood It also 
plays a part m distributing the blood to the heart lungs, central nervous 
system and limbs and in reduang the supply to the abdominal organs while 
( 98 ) 
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the htter ire inhibited (Cmnon, 1915) Thcst facts, according to Cannon, 
“are associated vith some of the most pnmituc e.\perienccs in the life of 
higher organisms, experience:, common to all, both man and beast, the 
elementary cxpcriencea of p im, fear and rage, that come suddenh m critical 
emergencies” Stei\art and RogofT (1916, 1917), on the contrar\, found 
no conclusix c ex idence that adremn is brought into pla% m a marked degree 
bx emotional stresses or ph\ sica! strains 

In a stud\ of the influence of motion and emotion on adrciiin secretion, 
Cannon and Britton (1927) confirmwl the conclusion, based on the results 
of earlier studies of Cannon and his associates that musciil ir actu itx and 
emotional excitement increase the output of adrenm Taking the increased 
rate of the denerx ated heart as a rough measure of the increase of adrenm 
in the blood, thex found that the output of adrenm was increased bx ex eii 
minor bodilx moxcinents Extending the hmhs or turning the bodx of a 
cat xxith denerxated heart, in their experiments, xxas accompanied by an 
increase in the heart-rate of 5 to 10 beats per minute Walking increa'^cd 
the rate 10 to 20 beats ^Y!lCll the adrenal glands xxcrc iinctixated, the 
same actixities xxcrc accompame<l b\ but slight acceleration of the heart 
or none at all Emotional excitement resulted m an ex en greater increase 
in the rate of the denerxated heart The same excitement of the same 
animals, folloxx mg inactix ation of the adrenal gl mds, resulted m but slight 
cardiac acceleration or no change in rate Great emotional excitement 
plus Mgorous acUxitx, m cats with denerxated heart, caused an increase 
in the heart-rate of 30 to 80 belts per minute xxliile the adrenals xxcrc 
intact but usuallv onlx 8 beats or less following itnctix \tion of the adrenal 
glands In xiexx of these results, they suggested that ‘‘the increased 
secretion of adrenm accompanxmg incidental and routine muscular moxo- 
ments such as walking its greater concentration m the blood during 
muscul ir exercise and its ibundant outpouring as a consequence of x igor- 
ous struggle emphasize the probable significance of adrenm for efficient 
use of muscles m the bodx ” 

The finding that txen slight muscular exertion calls forth increased 
production of adrenm might seem to be incompatible with the emergency 
theory prexiously adxocatcd bx Cannon and his associates It seems to 
indicate that xxliat takes place on a large scale m emergencies takes place 
on a smaller scale m the ordinary behaxior of the organism C innon and 
Britton, therefore, suggested that ‘‘the cmcrgencx theorx xxould haxe to 
be altered insofar as it might implx that the sympathico-adrenal mechan- 
ism IS called into action onlx at times of xiolent emotion According to 
the ex idence noxx in hand, the greater the emergcncx, as measured bx 
intensitx of excitement and struggle, the more is that mechanism utilized ” 

Persistence of the xisceral concomitants of emotional excitement for 
some time after the stimulus has ceased to act is a fact of common experi- 
ence In the experiments of Cannon and Britton, this was attributed 
solely to continued adrenal secretion According to these authors, "this 
extension of the xisceral disturbances m tune has a bearing on conduct in 
an exciting situation, as well as thereafter It points out the natural 
elYect of the full expression of fear or rige, and shows the importance of 
iimiting th it expression if a persistent state of disquiet is to be axoided 
it also corroborates the counsel that when bodily functions are dominated 
bx syonpathctic influences, os m the more powerful emotions, the exercise 
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GLNTKAL rm^IOfOGY (Costinoid) 

The Autonomic Nervous System In Relation to the Endocrine Glands — 
runctioml jntmlcpcndcncc of the ntitononnc iienous sjstcm nnfJ cnJo- 
trmc glands js deinonstntcd b\ ninni ph^sjolopical phcnoincn'i This 
relationship is deep seated nnd !nn> he rtgirdwl ns a result of lonp-cnn- 
tincd csolutionarj processes The most primitive fonns of nniinnl life 
respond mainb to clicmical stimuli These responses nre iimdiqiintc to 
meet the needs of higher nnmmls 1 he dev elopment of n non oils s\ stern 
tlirougli ninth rapid conduction and widtsprcad coordination enn he 
accomphshid is n coiiiparativth late cvtnt in evolution In nil the higher 
nnimals, reactions to cnviroruncntnl fnetors ns «(II ns the rcgulntorv 
control of the internal organs nre donunafwl hv the nervous svstem hut 
chemical stimulants plav an important role in the functional regulation of 
the interinl organs As difTermtintiou mhanceil the chemical stumilants 
became conccntratcil and spccinli70<l m tin diictlos gl uuls and there arose 
a reciprocal rtlationship betwetu these glinds and the innervation of the 
internal organs tlirough v\ Inch a dc!ic*itc h d into of the a itnl functions is 
maintained Tlie first purpose for which npirl conduction nnd coojtli- 
nation became v itnl is self prt serv ntion Bv v irtuc of tlie w ide distribution 
of efTerent impulses madt possible h\ t)i< svnnptic connections of a single 
preganglionic filler witli main ganglionic nturons and tlie clicmical mwh- 
ation of mcnc impulses particularh at the ntuiavo/Tecfor junctions (see 
p 10-ih the autonomic nervous svstcin is ntlapted for rapid and wide- 
spread reactions In tliese rtactioiis the autonomic nerves stimulate the 
secretion of the endocrine glaiuls Ihcse secretions ui turn augment the 
responses called forth through the aiitonomie nen es 
ilie Adrenals ariglev s gcnendiratiou th it tlic effect of adrenm on 
am part of the bodv is the same as the c/Tect of stimulation of its smu- 
pathetic nerves espressos one of the fundamental reciprocal relationships 
of nervous and chcniicnl stimuli Althougli flierc arc certain exceptions 
to this generalization it mav l»c stated tliat snnpathetic stimulation 
commoniv excites the secretion of adrenm and adrenm increases rcictivitj 
of the svnipathetie ntn es to stimulation 
Not a few investigators liavc observed an mcrcaco in the amount of 
adrenm m the circulation due to svrapathctic stimulation Cannon and 
deh Paz ( 1911 ) reported an incrcasein the adrenm output due to emotional 
stimulation Tins observation has since been corrohoratevl repcatedlv, 
particularh bv Cannon and his assoentos Tlie influence of adrenm on 
the resistance of v oluntarv inusde to fatigue has long been known (Ohv er 
and Schaefer 1895 ) According to Gruber ( 1913 ) adrenm doc* not 
lower the threshold of stiimilatioii for normal muscle but prompth in- 
creases the irntabilitv of fatigueil musde ev en when a rise in blood pressure 
IS preventevl \drenm also plavs an cssentivl role in calling forth stored 
cvrbohjdrate, thus increasing the sugar content of the blood It also 
pla>s a part m distributing the blood to the heart, lungs central nervous 
sx'stem and limbs and in reducing tlic supply to the abdominal organs while 

( 98 ) 
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the httpr 'ire inhibited (C'lnnon 1915) Tlie^e facts, nccording to Cannon, 
“are as'iociated witli some of the most primitive e'^pcrienccs m the life of 
higher organisms, experiences common to all, both man and beast, the 
elementary experiences of pain, fear and rage, that come siiddenh in critical 
emergencies” Stevsart and Rogoff (1916, 1917), on the contrarv, found 
no conclusiv e ev idence that adrenm is brought into plav in a imrketl degree 
b\ emotional stresses or phvsical strains 

In a studs of the influence of motion and emotion on adremn secretion, 
Cannon and Britton (1027) confirmed tlic conclusion, based on the results 
of earlier studies of Cannon and his issociatcs that mubculnr actis its and 
emotional excitement increase the output of adremn Taking the increased 
rate of the denersated heart as a rough measure of the increise of adrenm 
m the blood, thes found that the output of adrenm ss as increased bs e\ eii 
minor bodils mosements I xtcnding the limbs or turning the bods of a 
cat ssith denersated htirt, in their experiments, is as accompanied bs an 
increase in the heart-rate of 5 to 10 beats per minute alking increased 
the rate 10 to 20 beats lYlien the adrenal glands sserc in ictis ated, the 
same actis ities sserc accompame<l by but slight acceleration of the heart 
or none at all Emotional excitement resulted in an csen greater increase 
in the rate of the deners ated heart 1 lie same excitement of tlie same 
animals, folios' mg mactis ation of the adrenal glands, resulted in but slight 
cardiac acceleration or no cluiige m rate Ore it emotional axiitcment 
plus sigorous actis Its, in cats ssith denersated licart, caused an increase 
m the heart-rate of 30 to 80 be its per minute sshile the adrenals s'cre 
intact but usualls onU 8 beats or less following mactis ation of the adrenal 
glands In sicw of these results, thes suggested that “the increased 
secretion of adremn accompansmg incidental and routine muscular moxe- 
ments such as walking, its greater concentration m the blood during 
muscular exercise and its abundant outpouring as a consequence of v igor- 
ous struggle emphasize the probable significance of adrenm for efficient 
use of muscles in the bods ” 

The finding that esen slight muscular exertion calls forth increased 
production of adrenm might seem to be incompatible with the cmcrgcncs 
theory previously adsocated b\ Cannon and his as'^ociates It seems to 
indicate that wliat takes place on a large scale in emergencies takes place 
on a smaller scale in the ordinarv bchasior of the organism Cannon and 
Britton, therefore, suggested that “the cmcrgencs tlieors would have to 
be altered insofar as it might implv that the sympathito adrenal mechin- 
ism IS called into action onU at times of violent emotion According to 
the evidence novr in hand, the greater the emergenev, as measured bv 
intensitv of excitement and struggle, the more is that meclianism utilized ” 

Persistence of the visceral concomitants of emotional excitement for 
some time after the stimulus has ceased to act is i fact of common experi- 
ence In tlie experiments of Cmnon and Britton, this was attributed 
solely to continued adrenal secretion Yccorthng to tliese authors, “this 
extension of the \ isceral disturbances in time has a bearing on conduct m 
an exciting situation, as well as thereafter It points out the natural 
effect of the full expression of fear or rage, and shows the importance of 
limiting tint expression if a persistent state of disquiet is to be avoided 
It also corroborates the counsel that when bodilv functions arc dominated 
by svxnpathetic influences, as m the more powerful emotions, the exercise 



100 


GFhTRAl PjnSIOIOG] 


of oppose<l functions sliould not be nttempted Tlius, tlic diRestne proc- 
esses, which nre mhibital bv axcitcinent, Jii'ix lontinue to be disturb^ for 
*1 considerable period, and digestion cinnot proceed properlj until n state 
of calm has been restored ” 

An augmenting tlTcct o! adrciiiii on tbc distliargc of ghcogtn from 
muscle tissue has been detiionstr it«l b^ Corkill, Marks and ‘^oskin (103 j) 
T)ie amount disclnrgcd due to large dost*? of ndrenin, in tlicir cxpcninents, 
was appro\imate!> double the amomit discharged due to sMiipilbctie 
stimuhtion The finding that administration of adrcnin edettixcU aug- 
ments till discharge of gKcogcn from skileta! muscles supports the as- 
sumption th it the discliarge due to sampathetu stimulation is meiliateil 
through thi ailrciun like substanci, sMnpnthm bbemtetl as a result of 
stimu! ition of snnp itlictic neraca 

Intensification of tlie effect of sjanpitbttic stimulation on the nictitating 
membrane of the cat hi setrctcil adrenm hn.s been demonstrated b\ 
Rosenhlucth and rannoii (1912) and b\ injected adrcnin b\ Iloscnbluetli 
and Rioch (193 3) Summation of the effd Is of s\ nipathetK. nerv c impulses, 
adrenm and simpatlun also has l>ccn diinonstmter! In Liu (1935) 
Although the commouli ohscrtetl ilTect of the injection of adrenm on 
the %asomotor mccliamsm is a me m hlood pressure, it b^s long been 
knowTi that the injection of edremn m lugli dilutions under certain con- 
ditions mas result m a fall m blood pressurt (Moore and rurmton, 1900) 
Elimimtion of the nonnnl output of adrenm h\ ligation of the adrenal 
xesscls docs not nccissarilv result m an appreciable fall in blood pressure 
for a period of at least sc^cfal hours, as should bt cvpcctcsl if the sympa- 
thetic ner\os were kept m tonus b\ adrenm (Noting and lichman, 190S, 
Hoskm-> and McClure 1912) In certom animals (cats and dogs), the 
admini tntion of adrenm in appropriate dosage may result in inhibition 
of gistrf) intestinal ptnstdsis without causing a ri<c in blowl pressure 
(Hoskins and 'McChirc 1912, Duraut 1925) 

If the blood pre^surc were maintained by a constant nmumnl discharge 
of adrenm as has been assumed b> man\, any increase in the quantity of 
this substance should result m a nse m Wooil prcs>surc Very dilute solu- 
tions may be injected without any effect on Wood pressure Hoskins and 
McClure (1912) reported that when the rate of injection of such a dilute 
solution IS increased, tlie threshold of stimulation is reached and the blood 
pressure instead of rising, falls On the basis of tins obscryation, they 
adyanced the opinion that if tlie adrenals exert a constant effect by con- 
tinuous secrition of adrenm it must be a depressor effect In another 
senes of experiments Hoskins (1915) found tint the sloyy infusion of 
adrenm into the blood stream of an adrennlectomized dog resulted not in 
increased sjonpathetic irritability , as indicated b\ the reaction to nicotine 
but an actuil decrease m sjmpathetic rcactiyity This finding was cor- 
roborated by Hoskins and Rowley (1915) in a rclatiy eK large senes of doga 
On the b isis of the aboy e findings and other experimental data, Hoskms 
(1927) advanced the opinion that adrenm “consistently and generally 
exerts a biphasic effect as it has been shown to do m cases of intestinal 
peristalsis, uterine contractions and Wood yc-^sels m muscles In that 
case It would sen e, under ordinan conditions if present at ab ns a sjon- 
pathetic sedative as does calcium another normal constituent of the blood 
Under other conditions its stimulating effect would come into plav ” 
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Although this \ lew m i> seem paradoxical, it is not incompatible w ith 
the experimental data which indicate onli a stimulating effect of adrenm 
It also conforms preciselv to Verworn’s thcorj that inhibition is due to 
subminimal stimulation Inhibitor\ effects of adrenm on reactions medi- 
ated through s\mpathctic neries, under experimental conditions, have 
been reported also b> other inv e^tigator. Alalmejac, Donnet and Desanti 
(1935) observed diminished adrenm secretion due to injection of adrenm 
Hsu and Chu (1937-1938) reported ccntnl inhibitorv effects of adrenm 
demonstrated bj dilatation of the independent!} perfused spleen and 
diminution of the pressor response to stimulation of the floor of the fourth 
ventricle Hevonans ei al (1937) reported vasodilatation of the mde- 
pendentlv perfused kidiiev and extremities following injection of adrenm 
Marrazzi (1939) reported an inhibitor} effect of adnnin on the transmis- 
sion of impulses through sjrnpithetic ganglia On the bisis of results 
obtained in a senes of experiments carried out on cats under urethane and 
chloralosane anesthesia, Darrow and Gellhorn (1939) advanced the con- 
clusion that adrenm eitlier secreted or injected results m diminished reflex 
excitabilitv of the sjmpathctic nerves 
Some of the observid reactions on which this conclusion is based prob- 
ablv can be explained most satisfactorilv on tlic basis of the known in- 
hibitor} effects of adrenm on cholinergic mechanisms For example 
Bam, Irving and McSwintv (1935) and Urv and Gellhorn (1939) have 
shown that the reflex inhibition of parisvinpithetic tonus m the reflex 
dilatation of the pupil elicited bv afferent nerv t stiinul ition is increased b} 
the presence of adreuiu The inlulutor} effects of reflex stimulation on 
the parasvmpatheticall} innervated s}mpathectomizcd pupil also are 
increased and the sccretorv activitv of the nonnallv innervated sweat 
glands IS diminished (Darrow and Gellhorn, 1930) Tlic mlubitorv effects 
of adrenm on adrenergic sv inp ithctic mechanisms, tlicrefore ina} be due 
at least in part to its eftect on the transmission of impulses through the 
ganglia, which mvolvis an acetvlchohnc-like mediator 
The Thyroid Gland —Functional interrelationships of the thvroid gland 
and the autonomic nervous S}btein, including the hvpothalamic auto- 
nomic centers., has bei n ampl} demonstrated but the mechanisms through 
which the th}roid is influenced bv autonomic nerve impulses and those 
through which the th}roid influences autonomic nerve activitv are not 
fullv known Certain anatomical dati support the assumption that 
S}mpathetic nerve fibers actuallv effect functional contacts with th}roid 
cells but there is no complete agreement on this point Thv roid activ it} 
IS known to be influenced b} stimulation of the cervical S}mpathetic 
nerves It al&o is subject to hvpothalamic influences b} virtue of the 
effect of impulses emanating from tlie Ii}pothalamus on the production of 
the thvrotropic hormone in the anterior lobe of the h}poph}sis The 
integntv of either the peripheral autonomic nerves or the h}pothalamo- 
hvpoph}seal tract is not essential for continued th}roid function but the 
re'^ponse of the thv roid to certain conditions of stress, such as exposure to 
cold, is impaired following bilateral extirpation of the cerv ical portion of 
the s}’TOpathetic trunk and completelv abolished following section of the 
hv poph} seal stalk (Uotila, 1939) The th}rotropic activ it} ofthehvpophv- 
sis also IS influenced b} th}roxm produced m the th}roid gland This 
influence seems to be exerted v ia the h}p othalamus (Lichtwitz, 1936) 
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Compensivtorj lupcrtrophj of tlic tlijniul tissue follovMnfj subtotal tbj- 
roidectomy is (hminishcd ui nnimnls ui which the liNiM)ph\s(nl stnlk Ins 
been sectioned ns compared with that wluch takes plnci in nomml con- 
trol animals (Uotila, 1910) Under normal pliasioloj’icvl conditions the 
thyrotropic hormone undoubtedly plavb a more si;,nificuit role in the 
regulation of thj roid function than impulses ciunlucted through the ci r\ ic d 
svmpathctic nerves, except in as far as the latter regulate the flow of blood 
through the tliv roid 

Ihe influence of the thyroid on metalxihsm involves the aetivitv of 
other endocrine glands, particularlv tlic adrenals, as well as the autonomic 
nerves Stimulation of the cervical svinpithetic nerves does not con- 
sistentlv alter the basal mctalKilie rale (Ilrock el (il 1910) Ihlntcml 
extirpation of the cervical portion of the sympithctic trunk, m cats and 
rabbits, quite consistently results in ileprcssioii of the basal metabolic 
rate (rriedgood and Cannon, 1940, Biuek cl nl , 1910) In experiments 
reported by Asher and Ructsch (1910), threshold do'ses of adrenm gave 
rise to increased muscle temperature, in rabbits, ns mcasnrwl thcniio-clcc- 
tncnlly Tollowing denervation of the thyroid the same rise m muscle 
temperature could be obtnmeil onlv with larger doses of adrenm acting 
for a longer time In experiments reported hv Mahonev and Sheehan 
(1930), the ba<5al metabolic rate renmmed unaltcrctl m monkeys following 
section of the hvpophy seal stalk 

Licb and Ilvman (1922) have shown that repeated injections of adrenm 
m experimental animals mcrcasinglv augment tlic irritabihtv of the 
syonpathetic nerves, regardless of the fimctioiml condition of the thvroid 
gland In experiments earned out bv lloskms (Hoskins and Lee, 1930), 
thyroidectomv «ccmcd to pro<lucc varying effects on the sympatlietic and 
parasy mpathetic div isions of the autonomic nerv ous stem in the v nnous 
expenmental animals used Certain data reported bv Bcrgwall and 
Kuschinskj (1931) are more significant In their experiments, thyTo- 
toxicosis induced by the administration of thy roxin rcsuUct! m sympathetic 
hypenrntability due to an increased output of adrenm, i e , thvToxm 
poisoning resulted in increasctl secretory activity of the adrenal glands 
These results strongly suggest tliat the effect of the thyroid secretion on 
sympathetic irritability , particularly under conditions of hvperthyroidism 
m realitv is the result of its stimulating effect on the adrenal glands Cer- 
tain data advanced bv Oberdisse (1931) indicate that thyroxin in the 
circulating blood also exerts a direct effect on the tissue elements Small 
non-toxic doses of thyroxin, according to ICalmna (1028), sensitize the 
par isympathetic nerve endings in the intestine 
The results of clinical studies reported by MacLean, Horton and Davis 
(1938) also support the assumption that thy roid hv^peractiv ity results m 
increased parasympathetic tonus In hyperthyroid states, according to 
their findings the cholinergic nerves are stimulated directly and not the 
adrenergic Symptoms associated with liyperthyToidi&m which have com- 
monly been regarded as evidence of sympathetic stimulation, such us 
increased cardiac rhythm, probably can be explained more satisfactonly us 
compensatory phenomena or as due to a nicotine-hke action of thy roxm on 
the synapses Hypothyroidism not uncommonly results in hy^ioactiv ity of 
the cholinergic nerves as indicated by reduced secretory activitv of tlie 
sweat glands 
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The Parathyroid Glands — Ihe fact tint pantlij roid deficienc\ results iii 
generahzetl neuromuscuhr h\perimt'ibilit\ suggests -x functional intcr- 
rehtionship bet^\ecn these glands and the sjmpatlietic di\isioii of the 
autonomic ner\ous sjstem Experimental proof of this interrelationsliip 
also is at hand In experiments reported bj Hoskins and ^Micelon (1914) 
dogs ^\hich had de\ eloped Upical parith>roid tctan\, follovMng c-xtirpi- 
tion of the parathyroid glands, ga\e unmistakable e\idencc of increased 
sjanpathetic lrrltablht^ in their reactions both to adrenin and nicotine 

The Pancreas —Ihe internal secretion of the pancreas seems to exert a 
definite influence on the parisMnpathetic netacs, but probibU exerts no 
direct effect on the s^^npathetlc nerves (Hoskins and Gunning, 191G) 
According to Santenoise and Uinel (1923) and Garrelon and Saiitenoise 
(1924), the cardiac and respiration ratcb are decreased and the suscepti- 
bility to shock IS increa<5ed follovMng the injection of insulin That these 
effects v\ere not the results of h\poglyccmia, in their txjienments, is indi- 
cated b\ their occurrence also v\hcn glucose \\ is idinmistcrcd simultane- 
oush v\ath the insulin Other typical reactions of clinical patients and 
experimental animals following large doses of insulin ind before the 
svmptoms of hypoghcemic convulsions appear, e g, salivation and 
exaggerated contractions of the stomach and intestine, aKo indicate in- 
creased parasympathetic irritabihtv 

The Hypophysis —The dependence of certain of the functions of the 
pars nervosa of the hvpophysis on impulses emanating from the hvpo- 
thalamiis is e\ idenccd b\ the effects of liy pothalaimc lesions or interruption 
of the hypothalamo hvpophvseal tract particnlarlv on carhohvdratc and 
water metabolism outlined above (Sec p 89) Certain of the hormones 
produced m the pars iierv osa also influence autonomic nerv c functions 

The effect of pituitrm on the contractions of smooth muscle is well 


known Certain data seem to indicitc that the svmpathetic nerves mav 
be sensitized to adrenin b\ the injection of hvpoplnscal extracts even in 
small doses (Kepinow, 1912) Certain other dita fail to support this 
assumption (Hoskins and Lee, 1930) A direct action of posterior In pophv- 
seal hormones on the autonomic nerv cs has not iicen demonstrated bey ond 
question but may be inferred from the antagonistic effects of posterior 
by pophy seal extract and insulin The administration of posterior by pophy - 
seal extract tends to bring about In pcrglv ccinii or reduce the Inpogly- 
cemia resulting from the administration of insulin (Burn, 1923, Lawrence 
and Hewlett, 1925, Ileymans and Pupco 192G) Since insulin must be 
regarded as a parasympathetic stimulant, these facts suggest that the 
posterior hypophyseal secretion inehides a svmpathetic stimulant The 
fact that posterior hy pophy sell honnones augment basal metabolism and 
the mobilization of sugar abo supports this assumption 
The assumption that impulses emanating from the Inpothalamus play a 
role in the functional regulation of the pars distahs of the iiy popliy sis is 
supported by both clinical and experimental data Appropriate electrical 
stimulation of the hypothalamus results in the release of gonadotropic 
hormone from the anterior hvpophyseal lobe (Marshall and Vernev 1936 
Harris, 1937, Haterius, 1937) Section of the h\ pophy seal stalk also 
^ anterior hypophyseal functions (Brooks, 

1938, Dempsey, 1939) Cytological changes th the anterior lobe following 
stalk section ha\ e been reported (Brooks, 1938, Uotila, 1939) but identical 
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changes also haae been obsened following th\roi(lcctonn and after mjee- 
tions of tlnroxm or astrrn (Uotila, 1910) llie regnlator) control of the 
anterior lobe is mediated uminU through hormonal substances but its 
functional rluthm mac be modified due to certain ciiMnninicntal situa 
tions, bj impulses which reach it aia the h> jwphj vc il stalk or, to a lesser 
extent, through the cere ic il s\ mpathctic ncre cs 

The Gonads — llie assumption that there is a spctial fimetional inter 
relationship between the ovaries niul the autonomic nerves altliough long 
prevalent, is supported bj little direct evidence It rests mamlv on the 
presumption that the well-known vasomotor instabilitv winch often nnscs 
it the cliinaeterie is due to the subsidence of the ovarian lionnones fins 
presumption finds some support m the fact that the vasomotor instabihtj 
m question, m main instances, Ins been ameliorated bv the administration 
of ov inan preparations On the experimental side lloskms and ^MlceIon 
(1914) reported that the resiionscs to s^mpatlictie stimulation were 
matetiallv increased in dogs follow ing reinov nl of the ov nries 

During everv cvcle in the uctivitv of the female reproductive system 
there IS a phase of rclativtlv slow growth of the uterine mucosa during 
which the basal metabolism remains at a more or less constant low level, 
and a phase during winch the basal metabolic rite is higher The former 
phase seems to be dominated hv the acti\it> of tlie corpus luteiim Ibe 
latter is mitntcd witli the regression of the corpus liitcum In the rat, 
according to Lee (10J8), the nmimnin dilferencc in the basil metabolic 
rates during the two phases approximates 12 to 15 per cent If the assump- 
tion that tlic parasvanpathctic svstem subserves conservative functions be 
correct, it mav be assumed that the corpus lutcum acts sj ncrgisticallj 
with the parasvTnpathetic nerves 

That extirpation of the male sux glands results m some degree of depres- 
sion IS assumed quite cominonlv , altliough there is little clear-cut evidence 
in favor of this assumption Ihc results of quantitative studies on rats 
reported bv Hoskins (1925) and Kichtcr md Wislocki (1928) sliow that 
castration actuallj results in three- to four fold psj choinotor retardation 
The direct effect of castration on either division of the autonomic sjstem 
IS not brought out bj the results of thoc studies Phe results of expen 
ments earned out on dogs, previously reported by ^Mieelon (1914,1910), 
show clearlv that the sympathetic nerves become matenallv less sensitive 
to stimulation following castration and that 'svmpathetic irritability m a 
hrge measure is restored following successful testicular grafts 

Chemical Mediation of Autonomic Nerve Impulses —The Chemical 
Mediators —The concept of chemical me<liation of nerv e impuUes, although 
relatively new, is based on the results of numerous experimental studies 
The humoral substances are liberated at the neuro-effector junctions or 
near them as well as at the sy naptic junctions m the autonomic ganglia and 
withm the central nervous system 

The possibility of chemical mediation of nerve impulses was suggested 
by the pioneer work of Elliott (1905) on medulli-adrenal secretion Little 
progress was made in this field until Loewi (1921) reported the results of 
experiments on frogs in which he demonstrated that a perfusion fluid 
passmg through the heart acquires a new property depending on the char- 
acter of the nerve impulses dominatmg the lieart at the moment This 
new property w is mdicated by the effect of the perfusion fluid on a second 
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frog’s he'irt through ^hich it ^^'ls pissed in the absence of ner\e stimuli- 
tion \Mien the first heart ^\ as under the influence of s\ mpathetic stimu- 
lation, the second also was iccclcrited, when tlie first was under tlie influ- 
ence of parasMnpathetic stimulation, the second also was inhibited, t c , 
the perfusion fluid acquired the capaciU to transmit to the second heart 
the effect of the ncri ous stimulation of the first pre\ ailing at the moment 
The substances liberated into the circulating medium bs which these 
efleots are brought ibout also exert the t\ pieal s\ nip ithetic uid parasx mpa- 
thetic effects respccti\ eh on other x isccr d org ms (Brinkm in and \ an Dam, 
1922) Tinkelm m (19i9) reportwl that Ringer s solution allowed to flow 
o\ er a pulsating piece of rabbit s intestine, still suiiphcd w ith its me&tnttric 
ner\cs, acquires i new propertx when the nenes are stimulated winch 
max be demonstrated b\ allowing the ‘'olution to flow oxer a second piece 
of pulsating mtcstme If the first piece is inhibited bx s\ mpatlietic stimu- 
lation, the second piece also is mhibite<l 1>\ the action of the Ringer s 
solution flow mg ox er it In experiments on the pcrfiiswl tongue of the dog 
reported bx Bain (1932, 1933), stimnlition of tlie sxmpithetic nerxes 
resulted in the addition to the perfusion liquid of a siibstanee which, xxhen 
transmitted humorallx to in i-'olated strip of rabbit’s intestine, caused a 
decrease in the tonus or coiitnetions of the muscle Stimulation of the 
parasx mpathetic nerxes, on tlic other hand, resulted m tlie addition to the 
perfusion liquid of a sulistincc wlncli, when snnihrlx tnnsmitted to in 
isolated strip of rabbit’s intestine, caused augmentation of the tonus or 
contractions of the muscle In expcriincnts in which the heart md adrenal 
glands haxe been denerxated and the spinal cord severed m tlie cerxical 
region, according to Bacq and Broulia (1932), pcrijiheral stimulation of the 
sciatic or brachial nerxes regularh is followed bx acceler ition of the cardiac 
rlij-thin, due to the direct action on the heart of a substance which is 
liberated at the pcnplitrx, hx reason of iierxc impulses set up in the post- 
ganglionic sx mpathetic fibers, and reaches tlic heart tlirough the circulating 
blood Stimulation of the licpatic nerxes or the abdominal sympathetic 
trunks, according to Rosenhlueth and Phillips (1932) also results in the 
liberation of a sxmpatliomimctic substance which elicits responses m the 
denerx ated heart Stimul ition of the chorda txaiipani iccording to Gibbs 
and Szcloczcj (1932) results in tlic liberation m the submoxill iry gland of 
a parasx mpathomimetic substance Tins substance when injected into 
the orterx supplxing tlie submaxilhrx gland, m their experiments, acted 
as a powerful secretorx stimulant It also depressed the isolated heart 
and stimulated the isolated intestine 
In an experimental investigation reported by Kihjakoxx (1933), ui which 
the superior cervical syonpathetit ganglion was perfus^ with Locke- 
Ilmger solution, stimulation of tin cervical sxmpathetic trunk resulted in 
the appearance m the outflow mg liquid of a substance which, when mjectetl 
into the liquid flowing through the supenor cervical syanpathetic ganglion 
of another animal, elicited contraction of the nictitating membrane Experi- 
mental data reported by Feldberg and Gaddum (1933) also indicite that 
stimulation of the cerv ical sy mpathetic trunk results in the liberation of a 
substance in the superior cervical sympathetic ganglion which has the 
property of activ atmg ganglion cells 
In an expenmental imcstigation imohmg section of tile cenical 
s™pathetic trunk and regeneration of the preganglionic fibers to the 
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superior cervical ganglion, Bruckc (1931) obscrvcil npparcntl> normil 
function of the ocular muscles when onl> n small niimhcr of rtgtntmtmg 
fibers had effected s}naptie connections in the superior cervical ganglion 
In a series of cxperiincnts earned out on cats in vvliicli the effects of nerve 
stimulation on smooth and skeletal miistlcs following section of varying 
fractions of the nerve fibers were obscrvdljlloscnbluctli and llioth (1933) 
found, m the ease of smooth muscles, that with certain limitations, stimu- 
lation of onl> a small fraction of the nerve fibers involvetl results in con- 
traction of all the mustlc fibers, whereas m the ease of skeletal niu'icles 
onl> a part of the mu'^cle contracts in response to stimulation of a fraction 
of the nerve fibers Ihej cxp!ninc<l tins result in smooth muscle on the 
assumption that a chemical mediator hberatcil at the sites of the s>nup‘«cs 
of the intact preganglionic fibers diffuscil throughout the ganglion and 
activated otlier ganglion cells os well ns those wiUi which the preganglionic 
fibers stimulated nctuallj cffcetwl svnnptic connections 
Rosenblueth (1931) rcportwl certain cxpcnmcntnl data whicli support 
the assumption that chemical mediators also plav a role in tlic traii'innssion 
of nerve impulses in central autonomic reflex centers On the basis of the 
reflex changes in tiic cardiac rhvtlim clieitcfl bv afferent nioxnnal stimula- 
tion at varjing frequencies of the depressor, the left vagus and tlic sciatic 
nerve m cats with eitlicr tlic vagi or accelerators scvcrwl, he advanced the 
follow ing hj pothesis "Nerv c impiil cs impinging on a neuron giv c rise to 
quanta of excitatory (c c s ) or inhibitory (c i s ) substances according to 
the differentiated structures w ithin the cell on w Inch tlicy net Both c c s 
and CIS arc destroyed at a rate projiortionnl to the concentration For a 
steady input and at equilibrium tbc concentrations of c c s and c i s arc 
proportional to the rate of bombardment of tlie neuron liv nerve impulses 
C e 8 attains supralunmal valves, tins cxjilnins after discharge Tlic rate 
of discharge of impulses by the neuron is proportional to the concentration 
of c e s The output from a center is, therefore, proportional to the 
excitatorv input C i s combines w itli c e s inactivating the latter ” 

Tlie chemical mediator liberated at the penpherv in response to svmpa- 
thetic stimulation exhibits properties similar to tlmse of ndrenin Like 
adrenin, it becomes inactive when mixed with eosm and exposed to ultra- 
violet light (Loewi and Navratil, 1926) Like adrtmn, it abo is rendered 
more effective by a dilute solution of glvcocoll and loses its activ itv when 
exposed to air for twenty hours or on being lieatwl to 100® C (Lanz 1928) 
It mav be identical with adrenin but, since it is producetl under tlie influ- 
ence of syanpathetic stimulation in tissues other than the adrenal medulla 
and other chromaffin cells. Cannon (1031) suggested that it be called 
“sympathin That svmpathm and adrenin are cooperative has been 
demonstrated by Rosenblueth and Cannon (1931) Hav mg demonstrated 
the threshold stimuli for sy mpathin and medulh-adrenal secretion respec- 
tiv ely , using the nictitating membrane as an indicator, thev found tliat the 
simultaneous discharge of both syrapatlim and adrenin by means of the 
threshold stimuli, produced a greatly augmented contraction of tlie nictitat- 
ing membrane Cannon (1931) also advanced experimental data m sup- 
port of the theory that the cbmical mediator liberated by svmpathetic 
stimulation enters the blood stream and is earned to distant organs in the 
circulating blood According to his account, stimulation of the sy mpathetic 
fibers distributed to the erector pili muscles m the tad caused a slow increase 
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of blood prebsure ind htirt-ratc whicli reached its moMimim m two or 
three minutes and then gradiialh rtturned to the former ler el, in a prepara- 
tion in wliidi the heart w ib denmatcd and the adrenals and lirer were 
excluded from action 

The results of cert'^m experiments reporte<l b\ C‘\nnon nnd Rosenblueth 
(1932) Inxe led them to conclude tint there ire two kinds of s>mp ithm 
one kind \\ Inch is hhtr ited in smooth muscle w hilc contricting in response 
to s%'mp'\thctic stimulation, and mother which is liber vted in smooth 
muscle which IS inbibite<l b\ b\*mp ithctic stiimihtion The^ Ime desig- 
nated the former s^ inpathin E, and the latter s^^npathm I S\mpathin E, 
carried in the circulating blood, causes contraction of distant smooth 
muscle which normalh contracts m response to SMnpathetic stimulation, 
sMnpathin I inhibits smooth muscle which normallv is inhibited b\ s\m- 
pathetic stimulation 

Rosenblueth (1932) has reported certain dat i which seem to support the 
h\pothcsis that e^er^ quantal autonomic ner\e impulse results in the 
liberation of a quantal amount of chemical raethator substance, con'^e- 
quenth , the concentration of this substance depends on the freqiiencx of 
the nene impulses Since its destruction takes place at a limitetl rate, it 
ina\ diffuse to other structures whencxer its concentration exceeds this 
limit He further adx anced the hxpotlicsis that the substance m question 
combines with <;omc substance m the effector and that the response is 
propoTtional to the concentration of the combined substances 
lioewi designated the chemical substincc liberated in the frogs heart, 
in his original experiments, the “\agus substance ’ Inasmuch as stimula- 
tion of other paras\inpathctic nerxes also results m the liberation of a 
parasxTnpathomimctic substance, the term parasx mpathm proposed b> 
Lngelliart would be both more mclusixc and more appropriate Ulus 
substance closclj resembles acetxlcholme and probablx is identical with it 
Dale and 1 cldberg (1933) hax e shown that the substance liberated m the 
gastric musculature, as a result of xagus stimulation, possesses “all the 
properties of an unstable, atropin-sensitix c chohn ester, indistinguishable 
from those of acetylcholine, so far as thev cm be tested in the xenous 
blood collected during xagus stimulation ” 

Under certain conditions, parasympathomimetic suhskance may be 
found m the xenous blood For example, Fcldberg and Rosenfeld (1933) 
found an acctxlchohne-like substance m the portal blood following the 
mtraxenous administration of physostigmin, but none could be detected 
in other X esscls, e g , the jugular and femoral xeins On the basis of their 
findings, they concluded tint acetxlcholme is constantlx produced m the 
gastro-mtestinal xxall, and, under nonnal conditions it is rapidly coin erted 
into choline \XhGn Us conxersioii is prexented bx plixsostigmin, the 
vcetylchohne flows out in the portal xein Unlike syanpathin, therefore 
parasy mpathm, under normal conditions probably is not transported to 
distant organs through the circulating blood Exidence bearing on tins 
point w Inch seems to be conclusix e is affordeil by the results of experiments 
reported bx 1 reeman, Phillips and Cannon (1931) Using the completelx 
denerv ated ins and submaxillary gland, the blood pressure, the denen ated 
heart (w ith intrinsic parasx mpathetic neurons present) and the denerx ated 
tongue as indicators, thex tested the effect of stimulating the entire x agus 
distribution below the cardiac branches Although a bx pass for the blood 
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from the portal \cm to the inferior \cna Cft\n Mas arranged in order to 
avoid possible destruction of the substance in question bj tlie liver, and 
although in some of the experiments niicsthctics were avoided, onlj negative 
results were obtained It must be assumed, therefore, that the cfTcct of 
the pans^rnipstlictic substnnec is quite local 'ihts assumption also is in 
accord w itli the v icw that the pansj mpathctic nerves, ns a rule, distribute 
directlj to the tissues innervated 'Ihev appear to be organircd for rela- 
tively localized action rather than for such dilTusL effects as arc produccil 
by sympathetic stumilation augmented hv tlic influence of nilrcmn and 
synnpathm 

Certain organs whose efferent innervation is cfTcctexl sedcly through 
synnpathctic nerve components have long heen known to reset to certain 
cheinicvl agents as would he e\peetc<! if thev were inncnatcil through 
parasvinpathctie nerves ihe thcmied ineshator hhenitwl ns a result of 
stimulation of such svinpithetic nerves also |)ossesi‘.es the properties of 
parasvmpatliin btuniiUtioii of certain pinsvinpithetie nerves also 
results in the liberation of a cheinieni substance probablv identical with 
svinpathin (Dale I9J8) TJic^c facts ‘«cenied to call for a new classifica- 
tion of autonomic nerve fibers nccoitling to their chemical function, os 
distinct from their anatomical connections Accordmglv, Pile proposed 
tint nerve fibers whose stimulation results in liherition of svmimtlun or 
an ndrenm like nicdiitor he referred to ns adrenergic and those whose 
stimulation results in Iihorition of pirusvinpithin, or an aettvlehohnc- 
like mediator, as cholmcrgie Tlie almost iimver'il adojition of these 
terms mav be rcgardexl us evidence of their npiiropri itencss and the need 
which thev have met In view of the role of tlie cliemicil mediators m the 
transmission of nerve impulses and the finding tint adrenergic neurons 
contain ndrenm but not acctvlchohiic. wlierras cholinergic neurons contain 
acetylcholine but not ndrenm (Cannon and I ik 1030), the classification 
of autonomic nerve fibers in adrenergic and chohngcnc categories is more 
significant than their classification ncconimg to s\ mpathctic or para- 
syoupathetic origin 

Data reported by Luco and Lisaik (1938) support the assumption that 
activation of syoupathetic fibers following degeneration of the correspond- 
ing preganghomc axons results m liberation of adrenm like substance in 
greater concentration than activation of the corresponding fibers on the 
normally innervated side GolTnrt (1939) and Gotfart and Bacq (1939) 
also reported an increased concentration of acetvlchohne m the gastro- 
intestinal tract follow ing degeneration of tlie div idetl v agus nerv es 

The chemical mediator liberated m the autonomic ganglia when the 
preganglionic fibers, are stimulated resembles acetv Idiohne According to 
Teldberg and Gaddum (1933), it probably is identical with the fatter 
substance In order to test this hypothesis, they perfu<5ed the superior 
cerv ical swmpathetic ganglia in cats with salt solutions and applied various 
pharmacological tests to the outflowinghquid In the absence of phvso- 
stigmm no activitv was detected but, when physostigmin was added to 
the perfusion liquid in order to inhibit the destruction of acetylcholine, 
the liquid collected e'diibited the properties of a solution of the later sub- 
stance The theorv that the substance in question possesses the biological 
properties of acetylcholine is now abundantly supported by data reported 
by V anous inv estigators 
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Although tlie liberntion of in 'icet\lcholine*like substance in tlie auto- 
nomic ganglia resulting from stimulation of the preganglionic fibers is 
conceded, there is no general agreement regarding the mechanism of the 
transmission of imputes from preganglionic i\ons to ganglion cells This 
problem has engaged the attention of not i ftw in\ estigators Ihe a\ail- 
able data ha\e been interpreted b\ some as supporting the theor\ of 
humoral transmission and b\ others os supporting the theor\ of electrical 
transmission Ihc former regard the pre^^naptlc action potential as a 
factor i\hich !*> operati\c inainU or evchisnels in the liberation of the 
acet\IchoIine-liko mediator m the ganglion I lie latter support the 
as'^umption that trinsmission of the iiiipuKc across the sjnapsc is effected 
in es'ientialK the same manner is its propagition along the preganglionic 
axon According to tins assumption the Immoral substance present in 
the ganglion scr\ cs inainh to counteract f itigue and exerts a local x aso- 
dihtor influence a\liilc the ner\c impulse is trinsmittcil b\ the pres\naptic 
action potential Ihe humoral substiiice liber itcd in the autonomic 
ganglia has also been regarded as a non specific metabolic product (Lorente 
(le No, 193S) and as a regulator of nerx c tr insinission (Schaefer and Haas, 
1939) Certain mxcstigatois particiihrh Coopce and Bacq (193S), 
Lanari and Rosenbliictli (1939), ( annon (1939) md 1 cldbcrg (19-13) ha^ e 
been led to conclude tint an actt\lcbolme-likt mediator is indispensable 
for transmission through a ginglion ( ooptc ind Bacq do not regard this 
conclusion as impUing tint the theor\ of electric d tran^lmsslon must be 
discarded Certain data ad\ aitced b\ Lanari and Roscnblucth seem to 
support the assumption t!i it transmission at the s\ napscs m the autonomic 
ganglia is accomplishe<l b\ a process which is csscntnlh similar to that of 
transmission at the ncuro-effcctor junctions I ailurc of transmission at 
the sjTiapses during the carh stages of ^^allcMan degeneration of the 
preganglionic axons and during fatigue probahh is due to liberation of the 
aceUlcholme-like substance m the ganglion m insufiicient concentration 
(Cannon, 1939) In experiments reported h\ Fcldherg (1943) the distal 
portion of the cerxical SMnpathetic trunk lost its capacitx to synthesize 
^ceUlchoIme in an earh stage of degeneration following section below the 
superior cervical svinpathetic ganglion 11ns loss preceded failure of con- 
duction In the superior cervicil ganglion it coincided with the time 
interval during which svnaptic transmission became impaired These 
results seem to w arrant the conclusions that sv ntliesis of acety Icholme is a 
propertv of the terminal portions of prcginghonic fibers and that the 
production of acetv Icholme is an essential prcliminarv for normal and 
particularly sustained svnaptic transmission Ihc electrical phenomena 
associated with transmission at the svnapse cannot be disregarded, but 
yntil the protagonists of the electrical theory can display an instance of 
ransmission through an autonomic ganglion without acetylcholine, their 

eorv cannot be regarded as on the same footing as that of chemical 

transmission 

Se^ihzation ol Denervated Tissues to Chemical Mediators —Structures 
^ ich have lost their proper nervous connections become increasingly 
to chemical stimuli This phenomenon has been studied exten- 
th ^ ' f Cannon and his collaborators On the basis of their results and 
other workers Cannon formulated the lav\ of denervation as 
ows 'TiVhen in a series of efferent neurons a unit is destroyed, an 
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incrc'xswl irrital)ilit\ to dieinjcal agents develops in the isolated structure 
or structures, the clTect hemg maximal m the part directly dencrv nted ” 
This law IS ucll illustrated m the sensitivity changes vvluch take place 
in smooth muscles and glands following section of either the jrostganghonic 
or the preganglionic sympathetic fillers I or examjilc, if the sympathetic 
innervation of the ins is interrupted, the pupil, under certain conditions 
following degeneration of the sympathetic fillers, is more wkIcIv dilated 
than the one of the normally mncrvatctl tyt on the opposite side llus 
paradoxical reaction was explained hv Mcltzcr and Auer (I9(W) who 
observed, in rabbits and cats, that one or two days after removal of the 
superior cervical ganglion n selccleil dose of ndrenm caused marked dilata- 
tion of the pupil and constriction of the hlowl vessels of the car on the 
operated suh but had no cfTect on the other •'ulc Cnnuoii and lloskms 
(1911) and Cannon and dc U Paz (1011) sliowc<l that this reaction, elicited 
bv emotional excitation, is due to the discharge of ndrenm into the blood 
Btriam This finding was further comdiontcxl bv Elliott s (1912) observa- 
tion that the paradoxical reaction of the svmpatheticallv dcncrvnted ins 
disappears follow mg extirpation of the ndrcilal gl inds 
In (xponments reported b\ Hnmiicl (IOTj), the smooth muscle of tlie 
nictitating membrane became inercnsinglv sensitive to graded doses of 
adrenm for about a week following extirpation of the superior cervical 
ganglion, and then more slowK until a inaximnm state of scnsitivitv was 
reached at the end of U to IG dnvs, which iniiv continue for many months 
If the nerve supply to a syanpathcticallv denervated nictitating membrane 
regenerates, the increased scnsitivitv of its muscle to ndrenm gradually 
subsides to its previous level (Stmeoiie, 1937) 

Sensitization of the vascular iniisciilaturc m a svmpathectomircd 
extrcmitv to adrenm in the circulating bipod has been reported b\ various 
mveatigators In cases of Rayiniid’s disease, for example svanpathetic 
denerv ation by means of ganghoncctomv mnv abolish vascular spasm but 
the vascular musculature becomes cxquisitolv sensitive to circulating 
adrenm (1 reeman Smithw ick and lute, 193-1) Such sensitization is less 
marked if paralvsis of the vasomotor nerves is cfTcctcHl bv section of the 
preganglionic fibers, leaving the ganglion cells with their axons intact 
(^Vhite 1935) Data reported bv Simmons and Sheehan (1939) seem to 
indicate that the increased scnsitivitv of the vascular musculature follow- 
ing syanpathectomv reaches its maMinum m 8 to 10 days ind then gradu- 
ally subsides and may disappear completely 
Smooth muscle which is normally inhibited hv sympathetic stimulation 
undergoes a corresponding diangc in sensitivity to adrenm following 
interruption of its svanpathetic innervation hor ex imple a portion of the 
intestine long deprived of its syanpathetic nerves is more porsistentlv 
inhibited by adrenm than a frcshlv denervated portion (Lueo 1937 
Youmans 1938) The musculature of the svinpathectomizeil iion-pregnant 
cat’s uterus reacts in v similar manner 
Interruption of the parasv mpathetic mnerv ation of smooth muscle like- 
wise IS followed by increased sensitivity of the muscle to parasvmpith- 
omimetic substances Increased responsiveness of the jiupilloconstnctor 
muscle to pilocirpme following extupation of the ciharv ganglion was 
demonstrated by Anderson (1905) Shen and Cannon (1936) demon- 
strated a similar reaction of the parasympatbetically denervated pupil- 
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loconstnctor muscle to aceUlcholinc Smooth muscle mncn'^ted l)^ 
cholinergic s\mp'ithctic fibers likewise becomes Inperscnsitn e to ncet\l- 
cholme following degeneration of these fibers 

Glands also e\hibit increased responsn eness to chemical stimuli follow- 
ing denenation Maes (1938) reported that evtirpation of the superior 
ceiaical s^mpathctlc ganglion caused no imraethatc change in the respon- 
sneness of the lacrimal gland to mtraaenous injections of adrenm, pilo- 
carpine or acet\lchohne but when the tests were made ele\en da\s or 
more after the operation the drugs caused greater sccrctor^ acti\ lt^ of the 
dene^^ ited gland than of the one on the control side Simeone and Macs 
(1939) reported increased response encss of the subma\lllar^ gland m cats 
to intra\enous injections of adrenm aceUlchohnc and pilocarpine fort^- 
se\en to nlnet^ da^s after extirpation of the superior ceiaical ganglion 
The increased responsueness w is greatest to pilocarpine and least to 
acet\lcholine Pierce and Gregersen (1937) obserxed increased responsne- 
ncss of the submaxillarx gland to mtraxenous injections of pilocarpine 
following its parasxmpathetic denervation bx section of the chorda txin- 
pani This effect could be recognized within six daxs after the operation 
It was fullx dex eloped within two or three xxecks and continued undimm- 
ishcd for SLX months or longer 

The data cited aboxe indicate tbit l>oth smooth muscle and glands 
following dencrxation become more responsixc not onlx to chemical 
agents which arc their natural stimulants but also to certain other agents 
After depnx ation of its adrenergic fillers the nictitating membrane, accord- 
ing to Rosenblucth (1932), becomes hxperresponsixc not onlx to adrenm 
but also to acetjlchohnc, pilocarpine and eserme 'Ihe lacrimal and sub- 
maxillarx glands, denerx ated either bx ganglionectomx or section of the 
preganglionic fibers, also exhibit a lack of spccificitj xxith regard to the 
stimulating agents xxlucli elicit sccrctorx hxpcractixitx 

Since the transmission of impulses at the sx naptic contacts of the pre- 
ganglionic fibers with the autonomic ganglion cells inxolxes an acetxl- 
chohne-like mediator, it seems reasonable to assume that interruption of 
the preganglionic fibers might result in hjperrcsponsixeness of tlie gan- 
glion cells to acctxlcholme In a senes of carefully controlled experiments, 
Cannon and Roscnblueth (I93G) obtained certain data which support this 
assumption It is further supported bx data reported by Simeone, Cannon 
and Rosenblucth (1938) and Simeone and Macs (1939) 

The mechanism of sensitization of denerx ate<l effector organs to adrenm 
or acetxlchohne is not fullx understood The most plausible explanation 
XX Inch has been adx anced is based on the assumption tint the penncabihtx 
of the surface membranes of the effector cells is increased folloxxing inter- 
ruption of their nerxe supplx llns point of xiew is supported bj the fact 
that the increased sensitixitx is not absoUitelx specific for adrenm and 
acetxlchohne hut exists m some degree also to other stimulating agents 
For example the denerx ated nictitating membrane is sensitized not only 
to adrenm but also to acetylcholine pilocarpine, histamine and potassium 
ions It IS further supported bx the fact that the electrical potential 
accompanxing the contraction of smooth muscle is decreased following 
dencrxation, probably due to diminished polarization of the cell membranes 
resulting from increased cell permeahilitx 
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Action o! Drugs in Relation to the Sympathetic and the Parasympathetic 
Nerves —fetiulic'? m\ol\mg the action of \arious plmrmncroloRic agents 
on the organs inner\atc(l through the mitonomic ncr\oijs sNstem have 
contributed prcatli to our knowledge of the fimctioinl relationships of the 
autonomic ncr\ es C( rtnm poisons, e g , nicolmc, ulTcct IkiIU the sjTnpa 
thetic and paras\Tup ithctic nerves m csscntialU the siinc manner Other 
pharmacologic agents c-xert a specific action on tissues inncrv ated bj cither 
adrenergic or cholinergic autonomic fibers luit do not influence Ixith 
adrenergic and cliohncrgic functions Adrcnui and certain other substances 
produce effects which, with certain exceptions, are similar to tlic effects 
produced hj stimulating adnncrgic nerves I’llocarpmc muscanne, 
phjsostigminc and chnlinc produce effects which, in most cases arc siinihr 
to the effects produced bj stimulating cholinergic nerv cs I rgotoxme and 
crgotaminc first stimuhte adrenergic nerves then block conduction to the 
effector organs mncnatwl />j diem Atropine exerts the «amc effect on 
effector organs inncrvatctl through cholinergic nerves Tliesc facts indi- 
cate a fundamental chemical <lifforcncc between adrenergic and cholinergic 
neurons 1 hej also hav c an important hearing on the action of hormones 
on the tissues 

The essential functional relationship hetw ctn the preganglionic and gang- 
lionic neurons w as discov cretl hv the use of nicotine l-.ingicv first oh'Crv ^ 
that when a nicotine solution is applied to on autonomic g mghon, regard- 
less of whetlicr it belongs to the svmpathctic or the pari.sv’mp’itiictic 
division of the autonomic svstem stiinuhtion of tlie preganglionic fibers 
IS no longer cffectu e although stimulation of tlie jKivtgnnghonic fibers still 
elicits the char ictcnstic response Similar results aUo were ohtnmet! when 
a weak solution of nicotine w as mjcctc<l into the blood stream He, there- 
fore, concluded that nicotine acts on the svnaptic connections of the pre- 
ganglionic axons w ith tlie ganglionic neurons to prev cut conduction through 
these neuron junctions Bnahxs and Starling (1890) observed the "ame 
effect of small doses of nicotine on the visceral efferent chains supplving 
the ga&tro-intestmal musculature Tins result led them to conclude that 
all effects of the v agus on the enteric musculature are completciv abolished 
by minimal doses of nicotine (0 3 cc of a 1 per cent solution) This observ a- 
tion has been corroborated b> not a few later mv estigators 'When nicotine 
IS admmistered in graduallv increasing do&cs stimulation of the vagus 
nerves again becomes effects c when 25 to 60 mgra per kilo of bod> 
weight has been administered (Thomas and l\untz 1920) In our experi- 
ments, still larger doses of nicotine (50 to 500 mgm per kilo) further 
au^ented the responses of the intestinal muscle to a igus stimulation <50 
that the amplitude of the contractions m response to the same stimulus 
became greater than before nicotine was administererl Massn e doses of 
nicotine (2000 mgm or over per kilo) finallj caused paraljsis of the 
mtestmal \agi from which tJjev did not recover during the period of 
observation These findings have been corroborated b> tlie work of 
Mulmos (1927) on the cat 

Classification of Autonomic Drugs — Piiarmacologic agents which influ- 
ence autonomic functions act upon the tissues mnerv ated b> the autonomic 
nerv es either to stimulate or depress the functions of the effector cells In 
the older classifications these agents were grouped as sympathetic stimu- 
lants and depressants and parasvmpathetic stimulants and depressants 
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Such clasMfications ob\ loublj do not tnke into consideration the chemical 
characteristics of the neurons m question or the sites of action of the 
drugs The older concept of stimulation and depression of tlie nerve 
terminals b\ pharmacologic agents is untenable m the light of the demon- 
stration of their effects on completeh dener\ ated effector organs (Enderlen 
and Eisma\er, 1927) and embrvomc structures m which neiaes have not 
V et made connections w ith the effector cells Since the so-called autonomic 
drugs stimulate or depress not the nene endings but the effector cells, it 
is more advantageous to classifv them in categories which indicate their 
relationships to one another and to their sites of action Conscquentlv , 
thev mav be classified as drugs which act upon cells innervated bv (1) 
preganglionic cholinergic nerves, (2) postganglionic cholinergic nerves, 
and (3) adrenergic nerv cs A partial list of these subst inccs is giv en in the 


follow mg table 

Dntea ftctiDg on 
innervated b\ pre- 
gangliorue cholmerete 
nerves 

Druga acting on c 11s 
innervated b\ peat 
gangliome rbolmergie 

Drugs acting on cells 
innervated bj adrenergic 

5<ir7iul(in/j 

Acetj Icholmo 
Acetyl beta 
methj Icholme 
Carbaminocho- 
line 

Pb}"«03ligmm© 

Pro tigmme 

Vcet> Icholmo 
Acetyl beta 
metiiy Icholme 
Phy^tigmtoe 
rntoucmine 
Pilocflrpmc 

Mu canne 
Vrecoime 

\dreiim 

Ephedrme 

Benzedrine 

Deprti$anta 

Nicotme 

\tropine 

Scopolamme 

Il>o.c)a<nme 

Ilomatropme 

Ergotosme 

Ergotamine 


Since adrenm and acetvichohne are representative of the chemical 
mediators liberated in relation to the effector cells when impulses reach 
the terminal structures of adrenergic and cholinergic nerve fibers respec- 
tiveb, It cannot be regarded as appropnatc to designate them as svm- 
pathomimetic and parasv mpathomimctic On the other hand it mav be 
convenient, at least for descriptive purposes, to refer to the other auto- 
nomic drugs m this manner, keeping m mind of course that the svanpath- 
omimetic subst mces act upon all effector cells innerv ated bv adrenergic 
nerves and the parasv-mpathomimetic substances, on all effector cells 
innervated bv cholinergic nerves 

Autononuc Drug Action — Tlie «;equcnce of ev ents bv w Inch nerv e im- 
pulses elicit responses m effector cells mav be outlined scliematicalK as 
follow s 


1 Propagation of iinpuhe in preganglionic neuron 

2 Liberation of chemical mediator ( icetv Icholme) at neuro-neural 
junction 

3 Propagation of impulse in ganglionic neuron 

4 Liberation of chemical mediator (svanpathin or pansvanDathml at 

neuro-effector junction ^ ^ 

5 Action of mediator on effector cell 

C Specific effector response 

The rehtioii of iccfvkhoUiM. to the ineilntion of nenc impuhea ot 

ginglia has ilrcadt been 
di CU5 ed tMien introduced into the bodt, this substance acts directh 
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The ptedom\nint effect of most autonomic drugs is exerted pcripheralli 
Certain drugs, c g , atnldop^ fine and ether, evert i direct influence on the 
central autonomic centers The influence of ainidopvrinc on blood sugar 
oh% loush is exerted through centers in the brain stem, since it is abolished 
bj the adininistrition of brain stem narcotics (Ilogler, 1932) In experi- 
ments reported h\ Bhatn and Burn (1933), the stimulating cfTect of ether 
on the svinpathetic nencs i\as abolished bj pithing the animals (cats), 
■nhereas, in decerebrate cats m ith tlic adrenals rcmoi txl, ether caused con- 
traction of the spleen, inhibition of the intestine and the virgin uterus and 
acceleration of the cardiac rhv’thm 

Kecognition of the action of phann leologie agents on central uitonomic 
mechanisms is beset with certiin diflicultics In order to demonstrate 
central action, iccording to Haas (1938), the drug must be introduced 
into the central ncr\ oiis sv stem through the cerebrospinal fluid If, u hen 
administered in this manner, doses too small to affect peripheral uitonomic 
structures through the blood produce aiitonoinic reactions the substance 
must act on autonomic centers If the dose required to elicit an autonomic 
respome is large enough to produce a pcnpheril reaction through the 
blood, central action is precluded '1 he results of experiments reported hy 
Haas indicate definite ccntril action of picrotoxm and strongU suggest 
that adrenm and pvloc irpmc raav evert a direct action on central auto- 
nomic centers Central action of acctjlchohnc and crgotamine nns not 
apparent in his experiments except when tlic dosage administered was large 
enough to cause marked iKusomng, with central nervous reactions which 
could not be diflercntiatcd from the peripheral reactions 
Homeostasis — The living tissues of the bodv are not directlv exposed 
to the external environment but exist m a. liquid matrix, the internal 
environment, which normallv is maintained m a more or less constant 
state '1 he constanev of the internal cm ironment, or homeostasis, depends 
mainl> on the functional int^itv of the svmpathetic division of the 
autonomic nervous svstein (Cannon 1930) I limination of the sjinpa- 
thetic nerves is not incompatible with life under favorable conditions but 
results in certain functional defects which are more marked m some species 
than m others Animals have been kept alive and apparently m good 
health for many months following complete surgical removal of both 
sympathetic trunks (Cannon et al , 1927, 1929) Ihe functional defects 
resulting from complete sy inpathelic denerv ation are apparent particularly 
in the decreased capicitv of the amimis to vv ithstand high and low external 
temperatures, lowering of the basal metabolic rate, diminished resistance 
to anoxemia increased sensitivity to injected insulin and diminished 
capacity for compensatory reactions to successiv e hemorrhages 
In an extensive study of homeostasis m cats reported by Sawyer et al 
(1933), animals which had been subjected to complete extirpation of both 
sympathetic trunks, when placed m a superheated room (40° C ), exhibited 
^ rise m bodv temperature than normal animals In a cold room 

their bodv temperature dropped markedlv, where is normal animals in the 
same environment usuallv responded with a slight rise m body temper- 
ature In atmosphere m which the oxygen tension was reduced to G to 8 
per cent, the svmpathectomized animals fainted within fifteen to thirtv- 
seven rainut^, whereas the normal animals did not collapse for at least 
one hour Both svmpathectomized and normal animvls responded to 
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lar/’c doses of josuImj (0 '» ij»»t jwr kp) tvith a nipal decrease in hlowl 
sugar to nearlv the lc\c\ at ^\hlch the SMiiptoins of h^imgljccnim appear 
Ihe normal animals then begin to show iiti inercasc in lilootl sugar and 
spontaneous rccoacr>, nlicreis tlic sampatliectoimzial ones undcnient 
further decrease in blood sugar until the cotnulsue stage uiis readied and 
spontaneous reeo\cr\ did not take place S\mpatlie*ctomizctl animals 
sllo^^ed onlv a slight compensatora reaction or none at all to a single 
remoinl of 13 to I*} per cent of the total blwul \oliinu aslicre“i.s normal 
ones a\itbstood three or four hleealiiigs of equal intcnsita lieforc the com* 
pcnsatori a asoconstnetor n letion faded to rai>e the blood prc'ssurc 

In cxqicrniKnts reported hj Ilodes (1030), complctiU s\mpathcctoinizcd 
cats ncre able to run inueli les«> rapidK and for inarkealU shorter pcnoih 
a\ ithmit becoming fatigued than before ojicr itinn 1 licir cardiac accelera- 
tion after c.\crcisc was 30 per cent less than that of normal cats, hut greater 
than that cui<5ed h\ rcinoan! of \agus inliihition 'Hus prohahh is attn 
hutablc to the effect of nccelcnitor fd>crs in the \ agiis ncr\ cs The eaipacita 
of the s\ mpathcctomized cats for iniisciilnr exercise was incmswl l)\ 
administration of adrenm 

Ihe effects of complete s\ mpalhectoniN arc le^s markcel in dogs than 
in cats Complctch s\ mpathcetomi/w! dogs are not nhnonimlK sensitive 
to heat and cold (Ilaeq d «/ , 193-1) Ncitlu r is their capacitv for v igorous 
muscular exorcise ui itennlh rc<hiced (Broiili i ( nmion and Dill, 1030) In 
an intensive studj m which dogs which hml been siihji'cted to complete 
extirpation of the sympathetic trunks were coinparwl with normal dogs 
with respect to their rcictions to heat and cold, anoxemia and insulin 
hvTioglj ccmia, McDonough (1939) found no significant ihffcrencc m the 
maximum decrease in hoiU temperature in the two groups when subjected 
to low environmental temperature ami no notewortliv difference in tlit 
rise in body temperature or the rite of panting when subjected to high 
environmental temperatures In cold cnvinjmnents shivering began 
earlier and continued at a faster rate m the '»yanpatlicctomize<l dogs than 
m the normal ones Tlic sy mpsthcctomizctl doga seemed to be able tn 
endure an oxy gen tension of C per cent for fiv c hours ns w ell as the normal 
ones In an atmosphere in winch the oxygen tension was reduced to 4 per 
cent reapiratorv failure occurred in both groups of animals, but earlier 
in the svTnpathectomized than m the norm il ones The former show cd 
hypersensitivity to injectctl insulin bv a greater decrease m the percentage 
of blood sugar and more frequent occurrence and greater sev eritv of the 
symptoms of hv’poglv cemia than tlie latter w Inch receiv cd the same insulin 
dosage The fasting blood sugar level was the same in both groups of 
animals 

The remarkable capacity of completely svmpathectomized dogs, as 
compared with completely sympathcctomized cats, to endure unfavorable 
environmental conditions is attributed to various accessory physiological 
mechanisms, not controlled by the sympathetic nerveb, which the dog 
possesses as a running animal Among these may be mentioned larger 
lungs and heart per kilogram of body weight, greater blood v oliime, higher 
hemoglobin content abundant production of aaliv a and a tongue w ith a 
large surface area for elimination of heat These meclianisins are of no 
avail m insulin hypoglycemia, with respect to which dogs and cats react 
m essentially the same manner 



IIOAfEOST iSIS 


117 


In a series of experiments cwied out to dttcnninc the influence of heat 
and cold on the xagomsulm and the s\ mpathctico-adrenal s\ stems, 
Gellhorn, Cortell and 1 eldman (1941) exposed (A) normal, (B) idreno- 
demedullatcd, (C) xagotomi7cd md (D) adrcnodcmedullated-e agotomized 
rats to cold b> immersing them in xeater at 2° to4° C for ten minutes, and 
to heat 1)> plating them ui an en\ ironment il temperature of 32° to 3G° C 
for SLX hours The animals in group V reacted to cold ^\ ith hx pergK cemia, 
those m group B, mth hi pogh cemi v, those m group D, showed no signifi- 
cant change in blood sugar On exposure to heat the inmials in group A 
reacted with delaxed hxpogljccmu, those m group B with lupoghceinia 
during the entire period those in group C with InpcrgKccmii and those 
in group D showed no significant thangt in blood sugir 3 he results of 
these experiments support the assumptions that both the \ago-insuIin and 
the sxmpathetico adrenal sx stems react to cold but the latter more 
strongh than the former, and that both s\ stems also react to heat but 
the former more strongh than the latter The results of prex lous mv estiga- 
tions (Feldman, Cortdl and Gellhorn, 1940) haxe demonstrated tint both 
the xago-msuUn and sjinpathetico-adrcnal s\ stems react to anoxemia, 
emotional excitement, certiin drugs such as raitrazol and cocaine, and 
electricallx induced conx iihions Of all the procedures thus far applied, 
subjecting the animals to heat is the oiilx one " Inch Ins resulted in stronger 
stimulation of the xago-insuhn sxstem than of the s>mpathetico-idrenal, 
as indicated bj the change in blood siigir The predominance of the 
reaction of the xago insulin sxstem on exposure to Ingli enxironmental 
temperature probabh tends to counteract the harmful eflects of oxerheat- 
ing just as the predominance of the reaction of the sx mpathctico-adrenal 
sxstem tends to counteract the deleterious effects of cooling not onh bj 
increasing heat production but also hx bringing about x asoconstnction 
Total and subtotal extirpation of the sxmpatlietic trunks in man haxe 
been reported b> Grimson, Ah mg and Adams (1941), who earned out the 
operations on patients xx ith high blood pressure These operations, earned 
out in sex era! stages, according to their account, are not incompatible xxith 
a relatixelj normal existance Following operation the patients showed 
postural hypotension and decreased heart rate, but no marked changes m 
gastro-intestinal, unnarx and respiratory functions The capacity for 
adjustment to changes in enxironmental temperature obxiouslx is de- 
creased since the denerxated six eat glands are no longer functional and 
the cutaneous vessels do not respond reflexh to thermal stimulation 
The regulation of bodx temperature xxhich, in the intact animal, is 
mediated through the lutonomic nerves is controlled mainly through 
autonomic centers m the brain stem Spinal animals, t e , animals in 
XX hich the spinal cord is transected or otlierw ise interrupted in the cerx ical 
region, are unable to make the adjustments necessary to mamtom normal 
bodx temperature The data bearing on this problem are somew hat con- 
flicting but those reported bx the majoritx of the more recent mx estigators 
indicate serious loss ot the capacity to regulate against either high or low 
environmental temperatures following tran^ction of the spinal cord m the 
extensix e senes of experiments reported by Issekmtz 
et al U^/), cats with the spinal cord transected in the cervical region 
were able to maintain normal bodv temperature only when the environ- 
mental temperature was kept at approximately 80° F Somewhat similar 
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results lia\c btcii rcj>()rte<n)\ HiniiuiW/i/ (lOTS, 1019) Jlicrcsultsof 
expcnincnth reported Clark (1010) indie itt that <cr\icnl spinal eaU 
arc incapable of maintaining nonnni IkkI^ tcinpcntiire ^\hcn subjcctwl to 
u sudden unrke<l decrease ni enMrunmentnl teinpcniture luit are capable 
of a liinitcel sloA^ adjustment to ctdd if the envinmniental temperature is 
lo^vcrcel gruhmlh Uhe tncrciscd nbilits to AMthstand low externa! 
temperature which is ncquirexl in this manner is lost after the anmials 
hast again been kept m a w inner tniironment I lie nbihtv of ccnical 
spinal animals to maintain nonnni bod> temperatures when subjected to 
cinnges m cn\ ironincntal tcm|>er itiire which occur \erj gradual!} and 
within the n irrow range nnittmriK rtgimjisl ns caiinfortahic depends on a 
supplement ir} slow adjustment which prohihli is lionnoiial m nature 
(Hinson, 1010) 

Ihe chief center* mioUetl in the ngwiation of IhxU timpcmturc are 
ioe ited in tlie Injxitiiaianius ihis fimetion of the liipothniainus u 
disctis'sed at length m anotlier connection (see p SO) 



CHAPTLR YI 

de\t:lopaient 

Historical Survey— flic lutonomic ginglia and nerves ire related 
developmental!) to the cerehrospmil nervous s>stein Iheir pnmordn 
inse rclitivel) eirlv in embrvonic development ind arc composed of cells 
which ire displiced from the neuril tube and cerebrospinal gangln Iht 
maiontv of the cirlv inv estig dors, including Bilfour (1877), Schenck 
ind Birdsill (1878), Onodi (1886), His, Sr (1890), His Jr (1891), Mirdnll 
(1893) HofTmmn (1900 1902), and Kohn (1905, 1907), supported the 
theorv that the cells which make up the pnmordia of the ganglu of the 
sympathetic trunks md prev crtcbnl plexuses ire deriv ed evclusiv elv from 
the spmil gangln or neural crests The development of the mtonomic 
plexuses more intimitelv issoented with the thoracic and ibdorainil 
Msceri, c g , the cirdiac, pulmonarv md enteric plexuses was not studied 
mtensivel) b\ these eirlv invedigitors but it was assumed quite gcnerillv 
that the nerve cells m all the autonoroit gingln except those m the held 
ire derived from the sirac cerebrospinal sources 
Fronep (1907) traced colU of meduUarv origin into tlic pnmordn of 
the sympathetic trunks vn the ventral nerve roots and communicating 
rami and advanced the opinion that the sympathetic gingbon cells are 
derived mamlv from the neural tube Cijal (1908) concurred in this 
opinion on the basis of his findings 

The earl) data bearing on the development of the mtonomic gangln 
m the head, except the ciliary ganglion art fragmentary Hoffmann 
(1885), Ewart (1890) and Chianigi (1894) supported the theorv that the 
primordium of the ciliarv ganglion is m ide up of cells which are displaced 
from the semilunar ganglion either directly or v la the ophthalmic nerv c 
Beianeck (1884) , Ileuter (1897) , awl Ilex (1900) described the pnmordmm 
of this ganglion as arising m tonncction with the oculomotor nerve but 
they did not determine the sources of its cells Carpenter (1906) described 
the early primordium of tlie cilian ganglion in the chick as composed of 
cells which arc displaced from the mid-bram via the oculomotor nerve 
According to ins iccount, this pnmordmm later receiv es cells also from the 
semilunar ganglion via the ophthalmic nerve In the absence of adequate 
datv bearing on the development of the other autonomic ganglia in the 
head, it was quite generallv assumed that the sphenopalatine otic and sub- 
maxillary ganglia arise from pnmordia composed exclusiveh of cells 
denv ed from the semilunar ganglion 
Such m brief, was the status of our knowledge of the development of 
the autonomic nervous system when the present writer initiated a senes 
of studies on the development of this system and its histogenetic relation- 
ship to the cerebrospinal nervous system The results of the earlier 
studies in this senes (1909-1914) showed clearly that the autonomic 
gangln bear the same histogenetic relationship to the cerebrospinal nerv ous 
system m all classes of v ertebrates although they mav differ somewhat m 
their morphogenesis m the several classes The observations of Fronep 
and Cajal regarding a contribution of cells of medullary origin to the 

(119) 
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pninorcliv of tlic s\inpitlictic trunks sia the \cntrn] spinal ncr\e rwits 
^\cre corroborated Cells were also traced from thc^t pnmordia into the 
pnmordia of the prc\trtchral plexuses, hut not into the plexuses winch 
arc functionnlK related to the sajji mz the cardiac, ptilrnonnrv and 
enteric plexuses On the contrarx, the colls coiniwsinff the pnmordia of 
the latter plexuses u ere traced distaln art! nlonff the x ajji and their hrantlics 
Ihis finding was corrohorntc<l bj Abel (1012) in ombrxos of the chick, 
and hj Stewart (11)20) m tmbrxos of the rat The primonhi of the 
autonomic ganglia in tlic he id iicconlmg to the writers (1920) ohserxa 
tions, include lioth cells which arc displaced distalward along the nerxes 
winch conxcN the preganglionic fillers to the scxtnil ganglia rcs{)cttuch 
and cells whicli ndxancc pcriphcnlwaitl along the rcs[>c‘Cti\c divisions of 
the trigeminal nerve 

Among the more recent investigators whose findings support the tlicorj 
that the prmiordia of the svinpathctic trunk ganglia arc compo«od at 
least in part of cells derived from the neural tube via the ventrd spins! 
nerve roots inav ho incntioncxl Gniifini (1911-1918), Jlau and Johnson 
(1923) Ichida (1927), Haven (1917) and Jones (1937-1913) Lclnda, 
wliose observations were ln«:c<l on cmhrvos of reptiles (3 rigonoccphalus), 
birds (chick) and mammals (cat dog inonse pig calQ, aUo concluded on 
the basis of lus findings, tlmt the enteric pluxuscs in the csopliagus and 
stomach and the cardiac and pulmonary plcxusis comprise niainlv cells 
whicli art displaced dhtniwanl along the vagi but tlic prmiordia of the 
enteric plexuses in tlie icitestmc carl> compri'*c onK cells of svnipnthctic 
origin and later receive cells of vagus origin On tin basis of extensive 
experimental studies earned out on cluck cmhrvos Tones supports the 
assumptions that onl) cells of mciliillarv origin l>ecome dilTcrcntiated into 
autonomic ganglion cells and that those whitli hecoiiic svnipathctic and 
parasympathetic ganglion cells rcspoctivilv arc disphecil distalward along 
the efferent roots of the nerves which convex the corresponding pregangli- 
onic outflows 

Contrary to nearly all the more recent investigators m this field T 
Muller (1920), Muller and Ingvar (J923) and ‘Nan Canipenhout (1929, 
1030) opposed the theory that cells of nicdullarv origin are displaced into 
the syonpathetic pnmonha and supporte<l the older tlicory that the prim- 
ordiaof the sympathetic trunks comprise only cells which are derived from 
the spmal ganglia or neural crests On the hisis of further expeninental 
studies Van Canipenhout (1932) conccdeil that the ganglia of tlie cardiac 
and pulmonarv plexuses comprise cells of vagus origin but maintained 
that those of the enteric plexuses throughout the intestine comprise only 
cells of sy mpathetic origin 

EmbryologicalData ‘—Sympathetic Trunks —The pnmorthaof thegangha 
of the sympathetic trunks appear earliest m the low er thoracic and upper 
abdominal regions They are composed of aggregates of cells of nervous 
origm lying along the dorsolateral aspects of the aorta (Fig 27) These 
cells are somewhat scattered and may be differentiated from tlie cells of 
the mesenchyme by the somewhat larger size and more intense staining 

* The following descnptne account of the development of the autonomic nervous ej’stem 
18 based mainly on an investigation earned out by the writer (1020) on preparations of human 
embryos included in the Carnegie Embiyological Collection made available through the 
courtesy of Dr G L Streeter Director of the Department of Embryology Carnegie Inati 
tution of VyashingtoQ 
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reaction of the nucleus (Fig 28) Such aggregates of cells inaj be obser\ ed 
from the lower cerMcal to the sacral region m human embryos G mm in 
length 'lhe^ are arranged segmentalU but, b\ reason of the tnarked 
cur\ ature of the embr\ o, the\ he so close together that thej constitute a 
continuous column of looselj aggregated cells This condition obtains 
until the erabr\ os ba\ e attained a length of 0 to 10 mm , w hen the s\ mpa- 
thetic primordia are present from the upper cer\ical to the sacral region 
The segmental character of the s^mpathetlc pnmordii gradually becomes 
apparent, as de\eIopmLnt uhancts, and the cell iggregates become con- 
nected b^ longitudinal fibers In the cen ical ind upper thoracic segments 
the sjonpathetic primordi \ he along the dorsolattr il aspects of the descend- 
ing aort'C and in clo-^e proximiU to the latter Ihe position of these 
primordia seems to be determined, at least in part, b% the position of the 
paired descending aort'e Inasmuch is these \essels he at an appreciable 



Fiq 27 — Trans' erse section througli the thoracic region of a human embryo 7 mm 
in length (No G17 Carnegie Embryological Collection) Sy Sjmpathetic trunks Oe 
esophagus 

distance from the medial plane and com erge tow ard the unpaired dorsal 
aorta, the sjonpathetic trunks lie farther from the medial plane in the 
cerv ical and upper thoracic than m the lower thoracic and lumbar segments 
The primordia of the ganglia of the s\mpathetic trunks are apparent 
before the fibers of the communicating rami can be traced into them m 
material prepared b> the ordmaia methods In preparations of human 
embrjos 7 mm and o\er in length, the fibers of the communicating rami 
extend into the sjonpathetic primordia throughout the greater part of the 
thorax and aMoraen (Fig 28) In preparations of embryos which are 
somewhat farther ad\anced fibers tend \entralward from the primordia 
of the s;^pathetic trunks and enter the primo^ia of the ganglia of the 
pr^ertebral plexuses, which are represented bx scattered aggregates of 
^lls along the -ventrolateral aspects of the abdominal aorta (Fig 29) 
these primordia arise bj the \entral displacement of cells from the nri- 
mordia of the sjonpathetic trunks 
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Ilic inujorit\ of tlu tells thpHMnpUlutic pninortli'i m nrl\ rmlinrH 
arc ulcntitil in oppi inntc uitli the nils in the •‘piiml pinplm and the 
mdi/rcrtnt ttlls in tlit- iiiuntlc Ia\tr in the mtiml (tific Cells of tlic same 
character arc present in tlic paths of the (lor*al and Ncntml iicrac roots 



Fjo 2S — Transverao fcelion tt>rauKli lowff t)>orarie rtston of n human rmbfro ” 
mlcnKtli slioiMns il’inal rime and •>inpathctie trunk o Aorta C communlcalmt 
SP er>nal ncri e ^ 1 ajmpnthetk trunk 

and coiniiiunifrttniR mini Occnsionallj an indiNuIiml cell, tlie nucleus o! 
winch lies partly within and partl> without the external hinitinj: mcinhrane 
mix he obserxod in a ventral nerve root Cells in this position ohviousli 
art in the process of cmcrRinR from the nr iinl tiihe I ikew ise cells liecome 



Fia 29 Transverse sectian throueh the abdominal region of a human embryo 10 1 mm 
m length sho^ng pnmordia of eympathetic tmnka and prowrtebral plexuses a Aorta 
V p^e^e^teb^al plexuses Sy sympatlietic trunks 

separated from the distal ends of the spinal ganglia and adv ance along the 
dorsal nerve root Since the cells of medullarj and spinal ganglion ongm 
appear identical m earlj, embrjos, it is impossible to distinguish between 
the cells derived from these two sources distal to the junction of the dorsal 
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•mcl \ cntnl ncn e roots The c\ Klence it Innd orb the assumption tint 
cells from both these sources enter the s^'mpathetlc pnmordn 

According to the A\ritcrs ob':er\ itions on human and other ^e^tcb^ate 
embr>os, cells of cerebrospinal origin are present m the s^mpathetlc 
primordia before fibers of the communicating rami can be traced into these 
locations m material prepared b\ the ordinarv methods Certain other 
ina cstigators ha\c also expressed the opinion that man\ of the cells which 
enter the s\mpathctic pninordia migrate penpheralw ard in ad\ancc of 
the growing ner^e fibers Streeter (1912) obscrxed cells which enter the 
primordia of the ganglia of the s\anpathetic trunks adsance toward the 
aorta before fibers ire present in the communicating raim, consequenth, 
he described the communie iting rami m earU human embr\os as cellular 
strinds Gmfini (1917) described the communicating rum m earl\ 
mammalian embrsos (guinea pig, pig) m the same manner Sinee it is 
known that the <listil portions of growing nerxc fibers ire not brought out 
elearh bj the ordinari processes of staining, it max be assumed tint fibers 
of the communicating rami extend well into tlie sxanpatlietic primordia 
somewhat earlier than the recorded data seem to indicate, but the earliest 
cells probablx enter the primordia of the sxanpathetic trunks somewhat in 
adxance of the growing nerxe fibers 

In preparations of human embrxos 9 to 10 mm in length, cells of cere- 
brospinal origin irc still abundant m the spinal nerx e trunks and com- 
municating rami, indicating that the peripheral displacement of these cells 
IS still going on It probablx docs not continue much bexond tlic stage of 
embrxos 11 or 12 inni m length The cells in the sx mpathetic primordia 
also are more numerous and are arranged more compact)} than m the 
earlier embrx os "Mitotic figures m the sxTnpathetic primordia also indicate 
that the cells increase m number bx local proliferation 

The primordia of the sx mpathetic trunks arise somewhat later m the 
cervical region than m the thoracic This fact was noted b} all the earlier 
inx estigators w ho made special mention of the dex clopment of the cerx ical 
portion of the sxmpathetic trunks m the embrjos of the higher \ ertebrates 
Some of them also obserxed that these primordia graduallx extend ceph- 
alad from the upper thoracic level as continuous columns of cells until the} 
reach the upper cervical segments According to Ganfini (1917), cellular 
communicating rami extend from the cervical spina! nerx es, in mammalian 
(gumea-pig, pig) embrxos toward the primordia of the s}anpathetic 
trunks through which cells advance into the latter He maintained that 
these cellular rami persist for a short time and then disappear, after which 
there are no connections between the cervical spinal nerves, except the 
last, and the S}'Tnpathetic trunks until the grav communicating rami 
arise The writer has been unable to substantiate these observations of 
Ganfini either in porcine or human embr} os He could obtain no ev idence 
that cells enter the primordia of the cervical sympathetic ganglia via the 
cervical spinal nerv es In both human and porcine embr} os the primordia 
of the svmpathetic trunks grow cephalad from the lower cervical region 
both bv the displacement of cells along the dorsal aspects of the descending 
aortffi and b} cell proliferation Tliese primordia do not appear segmented 
m earl} embr} os but remain continuous cell columns until segmentation 
01 these columns takes place, resulting in the formation of the cerv ical 
s} mpathetic ganglia 
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The sc/,mcntnl tlinracttr of the inp itht tic trunks is iipjnrtnt throu;,h 
out tlic greater part of tlicir extent in Iitifnan tinbrios 10 iniii in length 
liie ganglionic primonln nrc more eomiiact nt tins stage than in the 
earlier stages, but some cells of litre oils origin still remain sonitwhat 
scattcrctl and, nlthoiigli tlic ganglionic mosses in adjacent ‘■egments are 
connected b\ longitudinal fibers, these connecting rarni nrc nowhere free 
from cells As tlie curaaturc of the tnihrxo hecoincs less marked with 
advancing dcaclopnient, the gaiigin of tlie s\nipatlictic trunks bceomc 
morewidch si panted and more slurph delimited In human embrjos 
15 mm m length, tlic segnientn) chirtcttr of the svmpitlictic trunks is 
well marked below the ctrMcal region 1 he sigmentntion of tlio ctrMeal 
portion which results in the ccfoical sympathetic ganglia is also well 
ad\ anced I ibera may now Ik, traces! ccphnlad from tlie sujKrior ccn. ical 
ganglia along tlic internal carotid artericH In embryos 20 to 22 rnm in 
lengtli, tlic ganglia of the Manpothctic trunks Imyc taken definite form 
and are sharplj dcUmitctl the fibrous romi connecting them with one 
another nrc rchtiyely free from cells, and the trunks ha\c assumed a 
definite relationship to the ycrtchral comleiisations 
Prevertebral Plexuses —The pnmonlw of the ganglia of the abilDminal 
prcyertcbral plexuses arise along the xcntrolatcml aspects of the aorta 
In tlie upper abdominal region of liuinan embrsos G inm in length, cells 
maj be traced m small numbers from the priinordia of tlic ganglia of the 
s>mpathctic trunks ycntralwanl along the lattml aspects of the aorta 
Ihe primordia of the ganglia of the sjanpathetic trunks in this region ore 
not sharply delimited hut cells nppircntl' become detnclicil from them 
and ad'ance ycntralwnrd into the primortln of the prcyertcbral ganglia^ 
In embryos winch are somewhat farther advanced, fibers may also be 
traced from tlic prnnoKlia of the thoracic s\nipatlietic g'lngba below tlic 
fourth or fifth thoracic segment townnl the pnmordia of the prcyertcbral 
ganglia in the upper abdominal rtgion lliesc nrc immlv fibers which 
join the sjonpatlictic trunks through the communicating nmi of tlie 
thoricic neryes and continuing townni the prcyertcbral plexuses, gi'e 
rise to the sphnclinic ncncs In human embryos 10 mm and oyer in 
length, the aggregates of cells which constitute the prununha of the pre- 
vertebral ganglia arc conspicuous along the abdominal aorta Some cells 
ho\e already become displaced from these cell masses toward the pnmordia 
of the adrenal glands and along the renal arteries Ihe greatest accumula- 
tion of sympathetic cells xentnl to the abdominal aorta occurs at the 
origin of the celiac artery Tlic prc\crtehral plexuses are not vet clearly 
delimited, and fibers cannot be traced from their pnmordia into the 
mesentery The seyenl plexuses become more clearly delimited as 
deyelopmcnt advances and the ganglionic cell aggregates become more 
compact 

C^omaffin System —Tlie chromaffin system consists of the medullary 
portions of the adrenals and the paragangbonic bodies The latter are 
^gferegates of chromaffin cells related to the sympathetic ganglia and 
located mainly along the abdominal aorta Human embryos exhibit a 
Wide range of yanation m the number of paraganglia and the quantity 
of chromaffin tissue outside the adrenal bodies (Zuckerkandl, 1901) 
Much of the chromaffin tissue outside the adrenals undergoes retrogressive 
changes during postnatal life but the paraganglia do not wholly disappear 
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Le\dig (1853) regarded the adrenal bodies as an integral part of the 
SMnpathetic ncraous s^stcm Balfour (1S<8) clcarK differentiate^ the 
chromaffin tissue from the mterrenal tissue in clasmobrancn embrjos 
and sho^\ed that the former is demed from the s\mpathetic primordia 
Wiesel (1901) and ^^^ntehead (3903) concludwl, on the basis of their 
studies of mammalian embr\os, that the adrenal medull i is composed of 
cells which are displaced from the adjacent b\mpathetic primordia On 
the basis of extensl^e obser\ations and a reaiew of the literature, Poll 
(1900) ad\anccd the opinion tint the chromaffin tissue is compo^ed of 
cells deriN ed from the s\ mpathetie primordia m all the \ ertcbntca Most 
of the more recent in\ estigators, including Kohno (1925), Da Kosta (1920), 
Iwanow (1925, 1927), \\illier (1928) and Ilarnnn ind De^b^shl^e (1932) 
ha\ e concurred in this opinion 

The cells deatinwl to become chromanin cells cannot be differentiated 
from the other cells of nersous origin in the s\'inpathctic primordia in 
earlj embryos Thei assume the characteristic appearance of chromaffin 
elements rehtneU late during cmbr\onic de\ elopment According to 
Souhe (1903), the displacement of cells from the adjacent s^anpathetic 
primordia into the adrenal capsules begins in human cmbr> os about 19 mm 
m length The differentiation of celU of sampathctie origin into chromnfSn 
cells and the formation of chromaffin liodies outside the adrenals is initiated 
at a somewhat earlier stage \ccording to Iwanow (1927), chroinafHno- 
blasts maj be recognized m some human embr\ 0 '>, 11 o mm in length 
although such cells ma^ not appear in other emb^^os which arc somewhat 
farther ad\anccd M'ell organized chromaffin bodies are not found in 
human embrjos until the^ haic attained a length of about 30 mm The 
cells which make up the adrenal medulla according to Iwanow, are demed 
m part directl\ from the adjacent s\-mpathetic primordia and m part 
from the chromaffin bodies along the abdominal aorta 

The carotid bod' which at least m <mmc animals, is made up m part of 
chromaffin tissue is situated at the bifurcation of the common carotid 
arter\ According to Kohn (1900), the chromaffin cells m tins bodj are 
derned from the superior ceiaical saonpathetic ganglion and the aagus 
nen e According to Smith (1924), these cells are dcri\ ed from the cer\ ical 
sympathetic primordia and the parasampathetic primordia in the head 
The cells from the latter primordia ad\ance into the pnmoiiium of the 
carotid bod' along branches of the glossopharyngeal and \agus nenes 
The contribution of cells from each of these sources 'aries m different 
species In certain mammalian species, e ^ , the rat, the carotid body 
probabb contains no chromaffin tissue 

Plexuses Related to the Vagi —The cardiac and pulmonaia plexuses and 
the enteric plexuses except m the dist d parts of tlie intestine, arise from 
primordia composed of cells of cerebrospinal origin which are displaced 
distalward along the paths of the aagi This conclusion was first based 
on a study of mammalian (pig) embryos (Kuntz, 1909) and confirmed 
later by the results of studies based on embrj os of ty pes of the other classes 
of \ ertebrates 

In earh human embr'os the \agus nenes, like the spinal nenes 
contain cells of nenous origin In faaorable sections through the lagus 
roots continuous lines of cells of medullarv origin max be obserx ed extend- 
ing from the w all of the hmd-bram into these roots In sagittal sections 
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lines of cells also extend from the distal ginglion on the \flpijs none into 
the ntr\c trunk Cells idcntirnl in apiHimnci Awth tlio^e in the ganglia 
nlso an present in nbunthince m the more distnl pirts of tlic growing \agi 
Vagiis bnntlns btnnnR vinnll RKRTCRnti-H of milIi cxlU Tim\ nl«o be traerf 
t(A\xn! the csophnge d v. ill 



Fie 30 -'J<«n()haecj] plexus la iraR4\crM sM-Oon liumsa rin>no tO 1 mm lu Ico^tii 
0 Liiopltdeux OIP cell In <>M)pliaEcaI plpfua \H tactis t'rSRcli» 



In pmbrjos G mm wv length xj^s branclici mx\ be tcxccd to the 
stomach and for a short distance along its lesser cunature tonaxd the 
roots of the lungs and toward tlie bulbar region of the heart Associated 
nith all these branches arc mnnj cells of ncr\ous origin In erabrios 
7 to 9 mill in length the pulmonar} branches Ime readied the roots of 
the lungs and the canliac branched max be tr-iced clo'^e to the base of the 
heart Tlie latter branches ate nccompxnicd b\ numerous cells of uer\ ous 
origin x\hich tend to become aggregated near their gronmg tips and gi\e 
rise to the prirnordia of the cardiac ganglia The esophageal plexus is 
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alreidv v.e\\ formed o\er the dors'll aspect of the heart and comes into 
close pro\imit\ to the walls of the atna Vagus branches with their 
accompany mg cell aggregates form a pleaiform meshw ork around the low er 
portion of the esophagus (Fig 30) Below the bifurcation of the trachea, 
\agus branches including cells of nenous origin ma\ be traced into the 
roots of the lungs, where masses of such cells occur in proximit\ to the 
bronchi and the pulmona^^ aessels (Iig 31) These ne^^ous compltves 
which constitute the pninordia of the pulmonarj pleMises are continuous 
with the esophageal ple\us and with that portion of the cardiac plexus 
which IS associated with the walls of the atna 

In human embra os 7 to 0 mm in length, maiu cells of a agus origin haa e 
ad\anced into the wall of the esophagus but a definite concentric irrange- 
ment of these cells is not \et apparent In cmhraos 10 mm in length, 
a agus branches accompanied bN migrant neia c cells ma% be traced along 
the wall of the stomach Manj of these cells penetrate the stomach wall 
w ith the terminal % agus branches and become mcorporatwl m the pnmordia 
of the enteric plexuses As dexelopmcnt ad\ances, the pnmordia of these 
plexuses also become apparent m the intestine \s the cells of ncr^ous 
origin m the wall of the digestive tube graduallj become more numerous, 
thej become aggregated m minute gingliomc masses which assume a 
concentric arrangement in two lavers constituting the pnmordia of the 
myenteric and submucous plexuses 

It IS significant that no paths along which cells ad\ ance from the SMn- 
pathetic trunks or prevcrtebral plexuses into the pulmonary, cardiac and 
enteric plexuses are established during the carlv stages of development 
The earlv development of the latter plexuses goes on snnultaneouslv with 
that of the sjonpathetic trunks and prevertcbral plexuses Svmpathetic 
nerves grow into the cardiac and pulraonarj plexuses later but not until 
the pnmordia of the ganglia of these plexuses are w ell established 

On the basis of his earlv observations, the wTiter (1909) advanced the 
conclusion that the pnmordia of the enteric plcxii'^es in the small intestine 
also are composed mainh of cells of vagus origin Abel (1912) supported 
this view on the basis of her findings m embrvos of the chick On the 
contrary, Lchida (1927) advanced certain data which he interpreted as 
indicating the displacement of cells from the svmpathetic pnmordia into 
the walls of the intestine before cells of vagus origin have advanced for 
enough to reach this part of the digestive tube He concluded that the 
pnmordia of the enteric ganglia in the intestine are composed mainlv of 
cells of svmpathetic origin and later also receive cells of vagus origin, 
although the pnmordia of the entenc ganglia m the esophagus and stomach 
are made up mainlj of cells displaced distalward along the v agi Experi- 
mental data advanced bj Jonc;, (1942) support the assumption that the 
enteric ganglia throughout the small mtestine comprise on]> cells which 
are displaced distalward along the vagi The enteric ganglia m the hind- 
gut ^stain a histogenetic relationship to the sacral nerves which is com- 
parable to that which the ganglia in the more proximal divisions of the 
entenc canal sustain to the v agi 

Cranial Autonomic Gangha —Ciliary Ganglion —The primordium of the 
ciliarj ganglion is composed of cells which are displaced distalward alonir 
the ocu omotor and ophtlnJmic nerves The displacement of cells along 
the oculomotor nerve is not verv apparent in earlv human embryos, but 
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some cells npp irciitl\ of ncn«ns origin nre pre<<ent in the ncnc tnmk In 
some cinbnos, nn «f iiiteii*'cU staining cells could I>c obsenc*! 

on the oculomotor mne at the site of tiu pnmordium of thecihan gang 
bon before ctlK toiild be triitwl to this point from the ophtlnhnic ncr\c 
The latter ncr\e Ins the npi»e muu(, in tarl> human emlmos, of a ncr\c 
along ^^hleb cells arc ad\aneing ilistalnnn) f ontimious hnea of cells 
identical with the cells m the sdniluiinr gatighon istentl from this ganglion 
along the ophthalmic nir\c Cells also liecomi nggri-gnttsl \cia carh m 
the path of tins ntr\c at a jiomt just proximal to the origin m the naso- 
ciliary ramus This aggrcgite of cells gnuhmIU extimls towanl the 
oculomotor nerve until it becomes coiitmeions with the exll aggregate on 
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Fio 12 — Sagittal section throuRh pnmordtum ol ciliary ganglion human etnbr>o H nun 
m length CG Ciliary ganglion Oc-V oculomotor nerve OP ophthalmic ner\e 

the latter nenc (I ig 32) At this stage (14 mm ), nerve fibers mav he 
traced from the oculomotor ncr\c into the pnmordium of the ciliarv 
ganglion As development advances, this ganglionic cell mass gradual!) 
becomes separatetl from the ophthalmic nerv e but remains m contact w ith 
the oculomotor nexse until relatixcU Hte Tins aggregate of cells wbich 
includes the pnmordium of the cilian ganglion is relativelv large m earl' 
human embryos and most of its constituent cells appear to he denv ed from 
the semilunar ganglion but the number contributed via the oculomotor 
nen e is not insignificant On the basis of these observ ations, the ciliar) 
ganglion appears to be gcneticallj relatetl to both the oculomotor and 
ophthalmic nerves 11ns is m full accord with the findings of Carpenter 
(1906) in embrvos of the chick Ganfim (1917) m embrjos of various 
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\ertebrites nnd Dccn (1932) in cmbnos of the o'!! On the contnrj 
Broman (1911) Stretter (1912) and Stewart (1920) described the cilnrv 
ganglion as den\ed c\clusi\el\ from the semilunar ganglion 

In embrjos of the cluck, as reported b^ Jones (1942), the pnmordium 
of the ciliar\ ganglion is reprcscntwl b\ a rclati\elv large iggregatc of 
cells in the path of the oculomotor nerac before nn> connections with the 
trigeminal ncr\c can be obscracd In his experiments, remoaal of the 
cephalic ncurd crests prc^ented the dc\eIopmcnt of trigeminal ganglia 
but did not pre\ ent the dc\ elopment of the pnmordia of the cihars ganglia 
On the other hand rcmn\ al of the mid'brain, including the oculomotor 
nuclei, but leaMng the cephalic neural crests intact, did not prevent the 
accumulation of cells at the sites of the primordm of the ciliarj ganglia 
Sphenopalatine Ganglion —The pnmordium of the sphenopalatine gang- 
lion arises at the growing tip of the greater superficial petrosal nerve 
as an aggregate of cells which arc displaced distalward along this nerve 
It first becomes apparent m human embrvos 10 to 11 min in length The 
geniculate ganglion is not sharplv delimited during earlv development 
Cells apparentlv become separatcfl from it and .adv ance along the path of 
the greater superficial petrosal nerve This nerve has the appearance, 
during earlv development, of a narrow migration pathwav Manj of the 
cells which are displaced along its course undoubt cdlv arc cells of medullary 


The pnmordium of the sphenopalatine ganglion lies medial to the ma\il- 
larj nerve but not in contact with it In embrjos 12 to 15 mm in length, 
rami of the maxillarj nerv e accompanied bj cells dcriv cd from the semi- 
lunar ganglion maj be traced into the sphenopalatine pnmordium Most 
of the cells m this prunordium advance into it via the greater superficial 
petrosal nerve but it also receives cells from the semilunar ganglion via 
the maxillarv nerv e and its sphenopalatine rami Ganfini (1917) recognized 
a contribution of cells to the sphenopalatine ganglion via the greater 
superficial petrosal nerve in embrjos of the gmnea-pig and pig but did 
not regard it as sufficient to plav a significant part in the dev elopment of 
this ganglion On the contrarj, Stewart (1920) maintained, on the basis 
of his ob&erv ations on embrv os of the pig and the rat, that the pnmordium 
of the sphenopalatine ganglion contains onlj cells which are displaced 
distalward along the greater superficial petrosal nerve 

Otir Ganglion —Ihe pnmordium of the otic ganglion arises at the grow- 
ing tip of the least r superficial petrosal nerve as an aggregate of cells 
which are displaced distalward along this nerve It is first apparent m 
human embrvos 9 to 10 mm in length In sagittal sections of embryos 
S mm in length the tjmpanic rimus of the glossopharv ngeal nerve may 
be tr iccd to the lev d of the geniaihtc ganglion Its fibers are accompanied 
bv cells of nervous origin, giamg it the appearance of an earl> migration 
path Ihe pnmordium of the otic ganglion may usually be recognized 
when this ramus has reached a point a litUe below the level of the semi- 
lunar ganglion It increases in size rapidlj and becomes elongated Its 
upper pole soon extends above the lower level of the semilunar ganglion 
and lies in close proximitv to this ganglion During the earlj phases of 
Its development the primordmm of the otic ganglion is not connected 
with the semilunar ganglion but in embrvos 13 mm and over in length 
It IS apparent that ccUt, derived from the semilunar ganglion become 
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mcorjiontcd in Ui< prmiordiinn of the oIil ganglion ^JTlic otic pinglion 
mm lies in contnet vitb tlir pro^imn! portion of tlic innntlihuiar nmc 
rius nm 0 , lii.e Oie other th\ isKmi of the trigeiniiml, contains numcroiu 
eclls of tirthrospnnl origin some of vhich i!r\n(t from its courve along 
the ‘•Icndtr rumi liicli pan the otic gn^Bhon In*i‘'mncli ns the rnnmiihuhr 
lune ins a motor ns is cl! ns a sensors root it is not nnpnihnlilc that a 
portion of tlie (tils sshtch mlsnnce dtstninnrd along its course ore dtrnrd 
dirw tU from the hmil4iram \«it it is (pule i\p]> irtnV that mans of the ctlU 
of trigtimnnl onj,m uliicli enter tlic otic ganglion arc ilenscd direct!} 
Irom the scmilnmr gnnghim Bn»mnti (Wll) and Streeter (1^12), svho 
'•tudnsl the dtvclopmtiit of the otic ganglion in Imman cmhrsos and 
( iiifim (1^17), nho stiidicil it in em!>r\os of tlic pig am! ginnt“i pig sup* 
tiortcil the tiuors timt the ccHs niiich give ri^c to tins ganglion arc demo! 
1 \( Insn tlv from the semilunar gnnghon On the coiitmrv Stewart (1920), 
who tudicd preparations of cnihrvosof the pig am! tlic mt.mnmtnmw! that 
tin otic giTighon arises viUK from cells winch are displaces! distnlwatd 
thing the lesser superficial pclrovd nerv c 



Fio 33 — Dittgromraalic rcconstmclwn of tho laiRor cr&nitkl nulonomic kvirIjs snd ifc* 
ncT%es to Trhich th»y nto Ronetirally rdfttod m iv liuman tnibno about 20 mm tu lcnK|“ 
CC Ciliarj RanRlion CT chorda tympam OO Rcmculale rbhrIioo G-S.i’*. gmatw 
euperficial petrosal ner>e LJ{ hnKunl ntrvo LSI Itaser superficial petrosal tier'* 
If maxillary nerve MAN mandibular nom-c O O optic Rsnehon OP ophthalmic 
PG petrosal ganglion SO Gassenan BangUon ^ VfC submaxiltary ganglion SPG-. 
Bphonopnlalino ganglion 


Ganjhon — TOie primordmm of the submaxdhn ganghon 
arises m human embryos 10 to 11 mm m length ns an accumulation of 
cells m the path of the lingual div ision of tlie mandibular nerv e In v le" 
of the dev elopmental relationship of tlie other cranial autonomic ganglia 
to the nerves which conve> their preganghomc fibers, we should expect to 
find cells of facial origin displaced into the primordium of the submaxiUaTy 
ganglion along tlie chorda tympani Ibis branch of the facnl, however, 
does not join the Imginl nerve until the pnmorduim of the submaxillar} 
ganglion has attained considerable sue Cells which advance from the 
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ficnl nen e 'ilong the chord i tN'mp'im probably enter the pnmordiuin of 
the subin‘i'\ilHr\ ganglion during its liter development, t c, after the 
junction of the chorda tvanpani with the lingual nerve is effected, but the 
cells which enter this pnmorduim earh are cells of trigeminal origin, some 
of which probablv adv ance directh from the hind-brain along the motor 
root of the mandibular nerv e ^lost of the cells w Inch enter the submaxiU 
lar\ ganglion obviousU ire of trigeminil origin This is m full accord 
with the findings of Broman (1911) and Streeter (1912) m human embrvos 
Ganfini (1917) advanced the opinion, based on his findings m embrvos of 
the pig and guinea pig that the submaxillarv ganglion arises solelj from 
cells of trigeminal origin On the contrarv, Stewart (1920) concluded that 
the submaxiUarv ganglion arises exclusivelj from cells which are displaced 
along the chorda tjonpani, although he admitted that, b\ reason of the 
intimate relationship of the primortlium of this ganglion with the lingual 
nerv e direct observ ations lend little support to this conclusion 

Sublingual and Ungual Ganglia — Lhe pnmordium of the sublingual 
ganglion arises as an accumulation of cells in the path of the lingual nerve 
somewhat distal to the pnmordium of the submavillarv ganglion Cells of 
nervous origin also advance along the branches of the lingual nerve and 
give rise to small gmglionic masses in the tongue These minute ganglia 
remain associated with the branches of the lingual nerv e The cells which 
give rise to the sublingual ganglion and the smaller ganglia in the tongue 
associated with the branches of the lingual nerve obviouslv are derived 
from the same sources as those w Inch giv e rise to the submoMllarv ganglion 

Minute ganglia also occur in the posterior portion of the tongue Thej 
are associated with the lingual ramus of the glossoplnrvngeal nerve and 
probablv include only cells which are displaced distalward along this 
nerve As the glossopharyngeal nerve grows into the tongue, groups of 
cells accumulate near its growing extremity Some of these cell groups 
remain closelv assoented with the nerve trunk, others give rise to minute 
ganglia throughout the portion of the tongue which is innervated by the 
glossopharv ngeal nerv e 

Histogenetic Relationships —The assumption that the cells which become 
differentiated into ganglion cells m the ganglia of the sympathetic trunks 
and the prevertebral plexuses are derived from the neural tube via the 
ventral roots of the spinal nerves represents a wide departure from 
the older teaching but is in full accord w ith our present know ledge of the 
functional relationships of the svmpathctic svstem The neurons in the 
ganglia of the sympathetic trunks and prevertebral plexuses are commonlv 
regarded as efferent in function In the central nervous system, efferent 
neurons arise mainlv in the ventral or basal plate and afferent neurons 
mainlv m the dorsal or alar plate, consequentlv it seems more probable 
that the sympathetic neurons are derived from the ventral portion of the 
neural tube, which is a source of efferent neurons, than from the spinal 
ganglia or neural crest which is a source of afferent neurons Certain 
investigators, particularlv E Aluller and Ingvar (1923) and Van Campen- 
hout (19-9 1930), have maintained that the sympathetic pnmordia are 
composed of cells which are demed exclusivelv from the spinal ganglia 
or neural crests They contended that no cells of medullarv origin become 
dispiTced into the v entral roots of the spinal nerves 
The existence of cells of medullarv ongm m the ventral spinal nerve 



roots Ins hcon n ported ui etiihrxos of nil <l(iss<*s of Mrtcl)mt(^3 'I’lie 
t\i(lcnt( tliittliist idlsnn diHpInicd fnnn tin \( ntnd p irt of tlic nciiral 
tube \ m the ^^ntral mr\( nK>ts is (sped ill\ clcur in ilnsinobnncli embnos 
Balfour (1877) dtscnbtsl tin tarls tcntral tune rtH)t in these cTnbr\ ns m 
“ an cloii<, ite (illul ir struct urc with n wide nttaebnunt lf> the spiml coni ’ 
Ills illustrations indu itc continiiits of this dllulnr structure with thr 
in mtic ln\(r in tlic wall of th< iiiiiml tulu '1 Ins condition is illustrated 
in I i^,urc U, taken from a tri>ss station of an (inbno <if S ncnnthias m 
our collection rontimimis lines of cells exit ndinp from the mantle laser 
of the mural tube into tin xditnil nerve rtnits mnv nl«) lie obscrvol 
occisionnlK in preparations of omhrvos of binls and mammals Thw 
condition ns ob erv wl in pri p intions of an rmbrv o of the cluck, ls illus 
trated m I ipurc Ti Individual michi pirtlv withm and partlv without 
the extirnal lunitiUR meuibrain in the vtntnd roots of the spinal nerves 
and tlu motor roots of till cranial iicrvis occur not uncommonlv in prepara 
turns of cmhrvoMif all tin lu^^hcr vertebrates inclndmpthi human species 



Fig 31 — Scctioa Uimusli tlic\cntnil root of none in an cmlioo of ^qualus acanthias 

V column ot cells of incOuUarj onetn citcnJs into the nen c root. 

Most of the more recent im estipntors who have studieil the development 
of the autonomic nervous sjstcm or nnv of its pirts, particularlv Abel 
(1912). Ganfini (1911-1918) Stewart (1920), Ban and Johnson (1923). 
GoormachtiRh (1924), Uthida (1927) Dteri (1932) Baven (1937) 
Von Mahahk (1940) and Jones (1937-iai2), have emphasircd the im 
portanct, m the establishment of the primonba of the autonomic panpha 
of the cells of medullary origin winch art displicwl distnlward along the 
efferent nerve roots 

In an investigation undirtikcn to determine more evactiv the role of 
cells of medullary origin m the development of the svanpathctic ganglia 
embrj os of the chick w ere subjected to an operativ e procedure before the 
close of the second daj of incubation, bj winch apart or all of the nervous 
tissue was destroyed throughout a senes of segments These embrvos 
were killed about the close of the fifth daj of incubation and jireparcd for 
studj (Kuntz 1922 1923) 

In some of these embrj os as become apparent on microscopic e\amma 
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tion of the sections, the spiml gmgln and doml iient roots a ere absent 
on one or both sides tlirougfi a senes of segments, w hile the e entral portion 
of the neural tube remained intact and the eentril nenc roots nerc 
apparenth of normal size In other embre os, nearh all the nereous tissue 
was destroeed in a senes of segments, Icae mg onb asinall eentril portion 
of the neuril tube intact Inneirle ill these t ises e eiitril acre e roots ee ere 
present but diininished in size in proportion to the degree of destruction 
of the basal plate of the iiciiril tube A isceral niiii ii ere present le here! er 
a part or all of the portion of the mantle lai er ei liieli gie es me to the inter- 
mediolateril cell column remained intact but absent iilierei er this portion 
of the mantle laecr was coinpletcle destroeed rreparations of embre os 
in which all the nereous tissue was destroeed throughout a senes of seg- 
ments showed no traces of spinal ncrecs m these segments 



fio 35 —Section, tlirough tlie central root of a apmal nerve m an embryo of the chick 
about the close of the fourth day of incubation Cells of tnedul]ar> origin are present m the 
ventral nerve root 

Vn aggregate of cells representing the s\mpathetic primordium ^vas 
present in e'serj instance in >\lnch there ^\as a %entnl ner\e root \Mth a 
t isceral ramus, e\en though there ^\as no spinal ganglion or dorsal ner\e 
root but no sMnpathetic primordium was obsenetl in an\ segment in 
Inch there n as no ^ isceral ramus c\ cn though there n as a small a entral 
ner^ e root, except in one instance in n Inch a erj small s\Tnpathetic pnmor- 
dia w ere present in the upper thoracic segments in complete absence of 
spinal ganglia and neural tube in these segments Some cells obaiousl^ 
TV ere displaced peripherals ard in the segments in question m this crabrj o 
before it sas subjected to operation Sections through the loser thoracic 
segments in the same embr\o reaealed no sirapathetic pnmordn since 
the peripheral displacement of cells of nerxous origin sas not xet initiated 
in the loser thoracic segments Most of the preparations used shosed no 
cTidence of the peripheral displacement of cells of neural creat origin 
before the operativ e procedure n as carried out 
Van Campenhout 0929, 1930), as stated above denied the displacement 
of cells of medulhrv origin distals-ard along the efferent nen e roots but 
maintained that the cells of nervous origin which enter the prunordia of 
the autonomic ganglia are derived exclusivelv from the neural crests 
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differentialK stained ^Mth \ital djes, Detweiler (1937) ad\ancod the 
opinion thit the earliest ncunlemmi cells arc denied from the neural 
crests, but some of the later ones mvi he denied from the neural tube 
On the basis of transplantation experiments m iihich tadpoles of tno 
amphibian species iiere utilized, Haxcn (1937) concluded that, in these 
species, neurilemma cells are denied cxclusiieK from the neural tube 
The results of studies associated nitli his experimental investigation of the 
origin of autonomic ganglion cells led Jones (1939) to conclude that the 
neurilemma cells associated n ith the fibers of the dorsal spinal nerv e roots 
are derived from the neural crests and those associated nith the fibers of 
the ventral spinal nene roots arc derived from the neural tube In seg- 
ments in which the neural crests had been removed, so that spinal ganglia 
failed to develop but ventral nerve roots were present, be alwavs found 
neurilemma cells asso( lated v\ ith the v cntral root fibers, unless the material 
was fixed too earlv He Ins shown tint differentiation of neurilemma in 
the ventral nerve roots is delaved m cinbrvos winch have been subjected 
to operativ e remov al of the neural crests, due to the retaixling effect of the 
operation on the migration of cells of medullary origin into the ventral 
nerve roots The ventrd root fibers, therefore, are, for a time, devoid of 
neurilemma 

Although the neurilemma cells associated v\ith the fibers of the ventral 
spinal nerv e roots are not dcriv ed from the neural crests, the cells of neural 
crest origin which become displaced into the pnmordia of the svmpathetic 
ganglia can still be accounted for without assuming that anv of them 
become differentiatccl into ganglion cells, since nearlv all svinpatlictic 
ginglia are traversed b^ dorsal root fibers The possible r61e of neural 
crest cells in the interstitial structure of the autonomic ganglia, further- 
more, as vet IS not fulls know n The assumption that sjanpathetic ganglion 
cells arise exclusivelv from cells of mcdullarv origin, therefore, is not 
incompatible with the fict that cells of neural crest origin are displaced 
into the svmpathetic pnmordia 

The parasj mpathetic ganglia sustain a histogenetic relationship to the 
nerv is which include the parasjTnpathetic preganglionic outflow compar- 
able to that of the svinpathetic ganglia to the thoracic and upper lumbar 
spinal nerv es I he conclusion adv anced bj Kuntz on the basis of extensiv e 
studies of preparations of normal embrvos of species of all classes of 
vertebrates that the thoracic prevertcbral ganglia and the enteric gangli i 
except m the distal portion of the enteric canal, are made up of cells which 
are displaced distaln ard along the v agus nerv es has been corroborated 
b> the finding reported bv Jones (1942) that these ganglia fail to arise in 
embrvos of the chick m which the hind bram had been removed at approx- 
imately the fortv -second hour of incubation Jones also reported that the 
ganglion coh and the enteric ganglia m the distal portions of the enteric 
canal failed to arise in embryos m winch the caudal portion of the neural 
tube was removed at the fortv-eighth hour of incubation This exper- 
imental finding supports the assumption that the cells which become 
dittcrentiated into ganglion cells in the distal portion of the enteric canal 
are displaced distalward from the sacral segments of the neural tube along 
the sacral nerv e roots ^ 


Segreption of the cells of medullarv origin from those of sensory ganglion 
origin along the paths of the vagus, glossophary ngeal and facial nerves is 
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bcsct AMlli pctulinr diflictiltjci 'Iht ‘•tuvorv gnuRlia n^^^K-ntwl vith the<c 
ncr\is tvrc not (Unvwl ckcIusimK from tiu ntuml cri*st -4 ( on-cfiiicntlj, 
tliQ t ninot l>t (Inninatwl rcmo^iil of llic ccplmlj( of the 

httcr structures alone Smex (Iicm. ihrIiu nn bs tlie 

onie eoinponents of the n*s|Ktti\t ntr\cs tlicir rtinoxal after complete 
(lifTerentntion of tlieir prnnonim cnii bartlb be ntwmplislutl ^Mthout 
(Unlike to tile prt^an^lioiuc outlluu lUino\al of the jxirtions o! the 
iiiial lirain uliich lucliale the illertnt micld of tlic'^c iitr\cs ^Mlhout 
destroMiig tlie prmiordii <>f the sm^ore pinglii prolinhlv e~»n bcnccom 
plishcd 

In the experiments on cluck unbrxm rt|x>rtisl be Jones (lOlJ) ni which 
the hind hnmi and the corroixuiduifc ixirtions of tlie iicuni crests were 
rcinoMsl at the fort\ se-cond lioiir of iiiculnlion, this operation did not 
prc^cnt the dcxdojmicnt of tlienodoscgingiion of the xngus nerse I ibcrs 
growing ctplnl id niul eaiidad from this ganglion nls^) were present The 
former did not grow into the rc*sKlm of tlie hriiii stem ^lic litli r 
traced into the wall of the fitoinaeli but there arc no ncurohlists associated 
with them 'ihc nodose guiglin olniousl^ contnhute no neurons to the 
pansxmp ithctie ganglia related tothexagus nerxes 'I he p irasxmpathctic 
g inglia proli ihK sustnin a histogeiietic nlstinnship to Uie linun stem and 
thcsicrd segments of the spin d cemlcoinpamblt to that of tlic5'inp''^bctic 
ganglia to tlie thoracic and upper Itimh ir sjuinl coni sepnents 

The concept of the de\cIopmciit of the autonomic mrxons sx-'tem here 
set forth does not implx that all the cells wlueli become didercntiitcel into 
neurons in it» ganglia acttialU migrate fn>m Oic ncunl tulK. In n cnlical 
stiidj of cell diircrcntmtiou in the central nervous svstem, Sclinpcr (lS 9 i) 
pointed out tliat the cells which arise b\ the mitotic div ision of the “gciro 
inal” cells iti the tpcndnnnl laser elo not all l)CCome ncumhlasts He 
dcscnbeal tliein as “iiuhfTcrcnt” cells, some of whicli licexiinc difTcrcntiatcd 
into neurons and others into neuroglia lie nKo pointed out tli'it in the 
higher xcrtchmtcs imn\ of the mehlTcrcnt cells retain tlie capscitv for 
further propagation bv nntotic dixision and give rise to daughter cells of 
the same indifTercnt 1x^)0 which max become dilTcrentiatcd either into 
neurons or supporting cells Most of the cells of ncrxous origin whicli arc 
displaced distalward along the cranial and spinal nerxes conform to 
Sclnpcrs description of the iiuliirercnt cells In prepamtions of embrvos 
which are sufiieientlx nelxanccd m their dcxelopmcnt, a neuroblast maj 
be obserxed occasionallx along the path of migration but most of the cdU 
XX Inch dexelop into neurons in the autonomic ganglia cannot be identified 
as neuroblasts until tlicj liaxc ciitcrcil the primordia of these ganglia 
]\Ianj migrant cells, appnrenth of the indifTcrent t>pc do not become 
differentiated into neuroblasts but gixe ri'se to neurilemma In prepara- 
tions of earlj embrjos of the higher xertebrates, mitotic figures occur not 
infrequently in both the nerxc trunks and the autonomic pnmordia It 
maj be assumed, therefore, that man^ of the cells which become differ- 
entiated into neurons in the autonomic ganglia arise bx tlie mitotic dix ision 
of migrant cells either before or after thej hax e become incorporated m 
the primordia of these ganglia The neurons in the autonomic sxstem 
consequently, may be regarded os homologous with the neurons in the 
cerebrospinal nerx ous sy stem 
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The cells m the *mtonomic pninordia winch 'ire destinetl to become 
ginghoii cells do not differentntc simultineoiisb or 'it the S'linc r'lte 
Prep'ir'itions of g'lnglia taken from hum'in fetuses during the sixth or 
seitnth month of gcst'ition show cells in all phases of differentiation from 
bipolar or unipolar neuroblasts to \oung multipolar ganglion cells of large 
si7es The earliest dendritic processes at first are imbranched but branch- 
ing IS initiated rchtiielj earl\ and continues for an indefinite period Ihe 
dendrites of indiiidual ganglion cells which arise cirhest, according to 
de Castro (1932), are longer and of greater diameter than those which 
arise later Consoquenth , tht\ m i\ be recognized in the adult as the 
primary dendritic processes '\lun of the short dendrites arise rel iti\ eh 
late 
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JN\I UVA'iKA 01 'Jill in uir 

Extrinsic Nerves —J he lu »rt is imimnti'i! thmueli the ^mp^thctjc 
tirdnt nerve-' the cirdnt hrintlies of the vnpi nnd the ennine plexui 
lilt •'Viiiji itliLtic, nmtrvntmn of the luart indudes the sui>enor, middle 
and mftnor cimliic inrvts from the sn|Knor, iniddh nnd infenor 

(inu d ‘•vnipithttit j,ant,liii reH]>otti\<Iv, nritl ‘tcvtnd nrni which arte 
tnnn tin s\ini)itlictK trunk IkIow the mftntir ttn kiI tir ^ttIl^tep^)sIlo^ 
ilu ) itttr were not included m the cariicr ntconnts of tlic innervation of 
the nminnmhin ht irt ^nlc«lln (ISH) dt'-itnlitd ntrvcs p L-winp from 
the Mtond thontic svinpithctic ganglion into the canine plexus in man 
hut little attention was tjivcn to Ins iticonnt until thoncic tv nipathctic 
( mil ic nerves wen tlescrihcd h\ scvim) inon. rett nt investigators Pennan 
(1921) desenhed nerves p issmg from the sv mpitlictic tnink as low os the 
fourth thoracic segment on the left nnd tiic sittli thnncic segment on the 
right side to the lit irt m the calf Cnnnon rt a! (I02C) found tlint complete 
elimination of tlic einlnc ntcelirntors in the t“vt hv txtirintion of the 
s^inpathctic trunks requires removnt of the svinpothctie ganglia as lo*" 
as the si\tli or seventh thoracic segments Xeeonling to Ionc<cu ond 
1 nachescu (192S), tlioncic cmlnt nerves nrbc from the second to the 
fifth thoracic segments of the svmpatlictic trunks m man KtinU and 
Morchoihc (PMO) have venfusl thcN*. findings iMitli m adult and voung 
liumni cadavers and still horn fetuses In nil the cidavcrs ctnmmcd hv 
them nerves could lx tnctsl from thciimii il nsjH'Ctsof Ixith the second and 
thml tlioncic guiglm or tlic mterganglionic |>ortions of tlic svinpathctic 
trunk in the second and third thoracic segments llicsc nerves commonh 
vmite forming n single trunk wiitcli passes inwlnlwanl nnd downward and 
giv cs rise to hnnehes some of winch jom out or more of the ctrv ic'al svmpa 
thetic cardi ic nen es and cardiac hnnclK-s of tlic v ngi w hilc others enter the 
cardiac plexus ihrcctlv A nerve arising from tlic fourth tliomcic svmpa 
thetic ganglion joins the cawlmc plexus and al-o gives off slcmicr brandies to 
the pulmoinrj and Cfeoplngcal plexuses, particularlv on the riglit side In 
most of the cadavers examined slender nerves could nl-'O be traced from 
the fifth and SLxth thoracic ganglia of the svinpathctic trunk toward the 
aorta bilaterallj As observed bj Saccomaiuio (IHIl) in human material, 
nerves inn> be traced from the upper six or seven thoracic svinpathctic 
trunk ganglia and mtcrnodcs into the cardiac plexus Such nerves are 
more abundant m the fourth nnd fifth tlioracic stgnients than nt higher 
levels Thoracic nerves, according to Ins observations, comprise appi^x 
imately twice as manj nerve fibers whicli enter the cardiac plexus as the 
cerv leal sympathetic cardiac nerv es 

P^'^sj"™pathetic innerv ation of the heart commonlj inv oh es tliree 
rami of the vagus nerve on either side The superior cervical ramus ari«c» 
from the vagus trunk just distal to the origin of the superior larjngcal 
inferior cervical, the largest cardiac ramus of the vagus 
usually arises from the recurrent nerve The thud or thoncic cardiac 
ramus arises from the vagus trunk within the thorax The efferent com 
( 138 ) 
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ponentb of the s\'inpathttic cardnc ncncb 'irc postg'inglionic fibers \\Iuch 
'inse from cells loeited m the SMnpithttic gangln from anIucIi the ner\es 
arise The corresponding preganglionic fibers are components of the 
upper thoricic nerACs doA\n to and including the fifth The efferent 
components of the a agus branches to the heart are preganglionic fibers 
aaIucIi terminate in sAinptic relationship to ganglion cells in the cardiac 


Inferior rcmcal sym parulion (right) Right miptrior card ae nene 
Right 



Left middle cardiac e< 
Supenor cardiac dctt 
vagus (left) 


iHt inferior cardiac pr 
Deep cardiac plem 


Left coroDary plexus 


Fig 3G Photograph ol » <l™oct.on oI tl.o nerres to tl.o l.earl m tho hom.n oadate, 
(B> permission of Dr J D Humber) 


ple-uts Jtost of the preRanglionic t ngus fibers (70 to 80 per cent tccordinp 
to Ghscr 1924) arc unmt ehnatctl As the \ agus fiCs approach h? 
cardtac picaus thet mmglc nith the cardiac sampathetTc fiW f large 
percentage of a Inch also is unma elinated There are nn i, 1 
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deep part Tlie superficnl cardnc ple\us lies superficial to the pericardium 
m the concaa ib of the aortic arch It is made up larRch h\ the left 
superior s\mpathetic cardiac ncrae and tlic inferior cerMcal cardiac 
branch of the left aagus Tliese ncraes approach the heart b\ passing 
oaer the arch of the aorta and meet on the right side of the hgamentum 
arteriosiim \t tins point there nsiialK is a sni ill ganglion, the cardiac 
ganglion of Wrisberg 

The deep cardiac plexus is situatw! behind the arch of the aorta and in 
part betw een the aorta and pulmonan \ ems It is a large plexus consisting 
of tiNO lateral parts ]omo<l together b\ numerous fibrous communications 
These two parts are unlike in composition and distribution The one on 
the right side ^ecel^cs contributions from the right superior, middle and 
inferior ccr\ieal and thoracic sMiipathetic cardiac nerics and all the 
cardiac brandies of the right xagus The one on the left side recci\es 
contributions from the left middle and inferior cerMcal and thoracic 
s^mpathetlc cardiac ncrics and the superior ccr\ica! and tlioracic cardiac 
branches, of the left ^ agus Thus, all the extrinsic ncri es i\ Inch contribute 
to the inncri ation of the heart except the inferior ccr\ ical cardiac branch 
of the left \agus and the left superior s\inpathctic cardiac ner\e, enter the 
deep cardiac plexus It also reccixcs communicitions from the superficial 
cardiac plexus 

The superficial cardi ic jilexus sends branches of distribution along t!ic 
pulmonars arter\ to join the anterior (right) coronari plexus It also 
sends branches of communication along the left branch of tlie pulmonari 
artery to the anterior pulmonan plexus and between the aortic arch and 
the bifurcation of tlie pulmonan artcr\ to the left portion of the deep 
cirdiac plexus 

The right portion of the deep cardiac plexus contributes largeh to the 
right or anterior coronari plexais Ihe latter al<io receixes fibers from the 
superficial c irdiac plexus It supplies the substance of the heart along the 
course of tlu right coronarj arter\ The right portion of the deep cardiac 
plexus also contributes to the posterior coronarj plexus and communicates 
with the right anterior pulmonar\ plexus Hcinforced b\ fibers from the 
superficnl cardiac plexus, the left portion of the deep phxais gi\es rise to 
the left or posterior coronan plexus which supplies the substance of the 
heart dong the course ol the left coronar\ arter\ This portion of the deep 
cardiac plexus also contributes to the left anterior pulmonari plexus 
The deep cardi ic plexus in man lias been further subdii ided, particularh 
In \YDrobiew (1917), into six more or less distinct plexuses, the anterior 
and posterior atnal and the right and left anterior, and right and left 
posterior xintncuhr plexuses Corresponding subdiMSions of the deep 
cardiac plexus haxe been described bx ^Yolb^nskI (1928) in the calf 
\nufriew (1928) m the cat and Sclmrawlew (1928) m the dog According 
to these authors, the plexuses named aboxe are constant components of 
the cardiac ner\ e suppK , although thej anastomose freeU w ith one another 
and xar\ within relatueh wide limits m diflcrent indniduals Beneath 
the epicardium the larger ntr\e trunks accompanx the coronary xessels 
Smaller nerx es dex late from these usually at right angles to the courses 
ol the xessels and form a simple subepicardial network Ihe fibers of 
these nenes interlace m a complex manner beneath the cpicardmm both 
m the atna and x entricles Manx of them come mto relation to ganglion 
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cells, others pcnetrite the i«\otttnhuin ^onic of t!ie htter rcftch the 
subcndoc'inlml tissue \\!icrc tl«\ fonn n plexus 
Distribution ol Cardiac Ganglia -*'l he intrinsic nincr\ 'itinn of the heart 
1ms been studicel b\ not n few invcitipntors but tlure is no penend apree- 
ment repnrdinp the number and distribution of nme flUrs m the several 
In\ ers of the cardi le w id! 'I hese studies arc liesii t v\ itli tc'chnicnl difficulties 
rrobablv the most siitbfnetnrv pnpimtions Imvt Ihsu obtained bv the 
use of the intrii Mtam inetlivlcnc blue twluiu Sdvir unprcpnation 
methods have Meldeil satisfaclorv rtsults in tlu hands of eirtmn invos- 
tigators DilTcrcncis in technic have pi uisl n larpe ji irl iii the interprcta 
tion of the luslidopicnl findings 



Fio 38 — 'DistnbuUon of Kangha *l the base of the lionrt ot a human fetus A 
B eanglia Sn the auleus between the left atnum nml left nunelc C iranRlia at the mouth 
of the pulmonary \cin D RanKha In the eHophaccnl inilcus ot the left atnum E *na F 
ganglia m the caudal portion of the eulcus trrminalis C Ranshn In the Inleratnal septum 

II Eanglia in the sulcus terminally / cancha at the mouth of the riRlit superior pulmonaiy 

vein J superior Kiovip of gangln in the sulcus termtiialis 0-1 left nuncio ff J* ' neht 
pulmonary vein SIC superior \ena c*i%a (Itedrawn from Francillon ) 

Ganglia ha\ e been reported m all parts of the lieart in mammals includ 
ing man, and m lower ■vertebrates The results of mo^t of the more recent 
investigations indicate a bmitctl distribution of cardiac panpha Pcrinan 
(1924), who investigated 30 human hearts, found numerous p inpha on the 
posterior surface of the ntna and the roots of the great vcs'^cls These 
ganglia, according to his findings, are alwavs interpolated m the nerve 
trunks He divided them into two groups one m proximit} to the aorta 
and pulmonarj arterj and extending to the proximal v entncidar wall , the 
other on the posterior surfaces of the atria and extending to the proximal 
parts of the \ entncles The first group is associated w ith the nerv es w Incli 
pass ventral to the transverse sinus and supply the ventral surface of the 
heart, the other is associated with the nerves which pass behind the 
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transverse sinus to supph the atria and the greater part of the dorsal 
surfaces of the ventricles Woollard (1926), who combined intra vitam 
methjlene blue staining and the process of clearing used in the Spalteholtz 
method, studied transparent preparations of the supcrficid lavers of the 
entire heart, including the visceral pericardium and a stratum of the 
underlj mg muscle of v arious v ertebrates, including the snake, rabbit, eat 
and dog He described ganglia in abundance on the anterior and posterior 
surfaces of the left vtriiim and cvtending to both auricular appendages, i 
chain of ganglia extending along the interatrial septum, several large 
ganglia in the region of the atno-v entricular sulcus, numerous smaller 
ones adjacent to the base of the pulmonarv arterv and along the proximal 
portion of Its course No ganglia were found on the ventricular side of the 



Fig 39 — Distribution of ganclia on the diaphragmatic aspect of the heart of a human 
fetus I Ganglia in the interatrial septum II KURcha m the sulcus torminalis III ganglia 
in the w all of the right atrium ganglia adjacent to the mouth of the mfenoc vena ca\ a {/ 1 0 ) 
LPT left pulmonary scin T projection of the mouth of the coronary sinus m the right 
atrium (Redrawn from Froncillon ) 

atno\ entricular sulcus, except in the heart of the snake, where collections 
of ganglia occur in the region of the posterior intert entricular sulcus 
Anufnew (1028) and Schurawlew (1928) also obser\ed no ganglia in the 
\ entricular walls in the cat and dog King (1939) reported some ganglia 
m the X entricular w all in the rat near the atrio-x entricular junction and 
small groups of ganglion cells close to the apex of the left x entricle In 
the light of all the exidence available at present, it appears that ganglion 
cells occur onlj rareb, if at all, in the ventricular walls m the hearts of 
most mammals 

The intramural cardiac jrangha vaij greatlj in size The larger ones 
maj be observ ed macroscopicallj in transparent preparations The smaller 
ones can onlj be detected micmscopicallj According to the findings of 
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Inncillon (1028) m nii mhnnml hsininti fttus, tlicsc pingln contaia 
8 to IW RiuiKlion cells 'Jlie\ lie iiiainl) m the siibipicnnliil connectue 
tissue Altlioutli some lu d<i[>cr limn othtrs, \nnous m\ cstipitors 
inchulinK I’crnmn Woollnnl and lmncillon» ohser\c<l none aOucIi could 
he regarded as intramuscular Okmnuni (1920, lOJO) nntl King (IW 
reported the octurrence of ganglion cells in the sulanflocartln! tissue ard 
in the msocnnlmm 'Ihc distnlmtion of the intnimuml cardncgangla 
as observed hj I ram illon, is dinstmtod in I igures IS and SO 
Cardiac Ganglion Celia —The ganglion mils in the ganglion of ^\n3bcrJ 
nccordmg to Muller (1010), arc inorpliologienlK similar to those m tte 
svmpathctic trunk ganglia Most of them arc rclatnclv large In general 
the cirdinc ganglion evils an cxunpandile tf> tluy-^e m the intninural 
ganglia of other Miter i e g the cnttriv gnngim 'lliiv cvmipn-'cganglKia 
tells with otilv short iltmlntts ganglion tills with onlv long dcn(|^t^ 
and ganglnui evils with IkjIIi long and short vlvndnlcs \ccordmg to 
de Castro (1012), ganglion evils with numerous short frwjucntlv hranebinz 
dendrites arc verv common 1 hose of mljav'cnt cells frevjuentlv temnnate 
m vitndntic hnishes m which some hmnehes of long dendrites nl'O termi- 
nate lilt ganglion evils with onK long dendrites usnallv show a to 10 of 
these protv'ssv^s winch liranch infrovjnentU Tlivv coinmonlv terminate 
withm tilt same ganglion in perictllular iiesU or ilendntic hnulics or 
glouitruli Some v\ten<l into mljneint ganglia Hit ganglion cells wth 
both long and 5>linrt dendntvs aan widvlv with respect to the nutnlicrs 
of their prtitcsscs Mans of the short onc^ tennmati cln«c to the cell 
bodies Ihe axons of the tanlmc ganglion evils wrv cominonh arte 
from axon hillocks on the proximal portions of demlritcs 
Terrainatioxia ol Incoming Piboi* — \s the extrinsic ncrxcs enter tbs 
carvhac plexus the fiber bundles gradimllv umlergo clmngti m coinpositioa 
as tlicj subdivide, mtcrmmglt with one nnotlier and enter the canhw 
ganglia The cirvliac hranchvs «»f thi vagi compri’-t preganglionic and 
Mscernl afferent components most of which arc mjehnatevl ihc svanpa 
thetic carvhac nerves comprise postganglionic fibers some of which arc 
mjelinated and Msceral nlfcrcnts which arc mainlv mvchnatevl Coro 
ponents of the x agus and sjanpathetic nerv cs therefore cannot be ivlcnti 
fied on the basis of their condition with respect to mvehmzation Irr 
general, preganglionic fibers are larger than postganglionic ones hut thb 
does not afford a useful criterion, since mnnv of the v agiis fibers arc actualh 
smaller than the largest of the svinpathctic fibers riicre arc no knowai 
morphological criteria bv which pro- and postganglionic fibers cm eertainb 
be separated from one another m the terminal plexuses Woollards 
observations afforvl some useful infonnation bearing on this problem He 
recognizevl tliree distinct tv pcs of fibers in the nerves entering the cardiac 
plexus Some are mjchnatevl and exhibit nodes of Ram ler These 
be regarded as v isceral afferent The depressor nerv e includes fibers of 
this tjpe Some unmj elinated fibers with smooth vuntour maj be traced 
into the cardiac ganglia Tlie preganglionic character of these fibers 
steon^j suggested On the otlier hand, fibers of this tvpe maj often be 
identified as arising from evdis in the cardiac ganglia The^^e obviou b 
are postganglionic As tlivjy approach their tennmal distribution they 
become exceedingly fine and exhibit the varicosities characteristic of post 
ganglionic fibers The third group vmnsists of varicose fibers of verj 
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much smaller caliber than the otlicr two t\-pes I ibers of this t\pe were 
obser^ed in the incoming ner^e^> and throughout those of the cardiac 
plexus The^ probabI\ are postganglionic lhe\ are grcath reduced m 
numbers in the incoming ner\es following extirpation of the stellate 
ganglia Ihis obser^atlon suggests that thc> are components of the 
sjonpathetic nencs but affords no conclusi\c c\idcncc that no com- 
ponents of the cardiac ner\ cs arising from the s^^npathctlc trunks make 
s^'naptlc connections in the cardiac ganglia Ihe latter possibiliU appears 
to be precluded b\ the findings of I awrentjew (1929) in preparations of 
the heirt following degcncrati\e section of thc\agus nerves Woollard 
ob'terved no alter itions in the intraganglionic fiber terminations in the 
cardiac plexus or changes m the canliac ganglion cells following removal 
of a large percentage of the svanpathetic fibers bv extirpation of both 
stellate ganglia Ihc results of the studies of both I awTcntjew and 
■\^oolla^d seem to indicate tint onlv fibers of vagus origin effect sjnaptic 
connections in the cardiac ganglia llie^e ganglia, therefore, mav be 
regarded aswhollv parasj mpatbetic 
The modes of termination of the preganglionic fibers in the cardiac 
ganglia fall broadlv into two tvpes, the pencapsular and the pericellular 
As the incoming fibers which form the pericapsular terminations break up 
into their terminal branchca, the latter become varicose and are applied 
to the capsule of the ganglion cell In the pericellular terminations, the 
terminal branches of the incoming fibers are applied to the cell bodies and 
dendrites The ganglion cells with pcricapsular terminations are iisuallj 
stained less mtcnselv, m incthvlenc blue preparations, than those with 
pericellular terminations ^^hen the dendrites are relatively long, the 
terminal branches of the preganglionic fibers not infrcqucntlv twine around 
them throughout the greater part of their length Not nncommonlj pre- 
ganglionic fibers mav be seen to divide in various wa^s and to effect 
svTiaptic connections with a number of ganglion cells 

Terminal Distnbution of Kerve Fibers —Lffcrcni —The distribution of 
nerv e fibers m the heart and their modes of tennination hav e been described 
b\ various investigators An abundant nerve siipplv to all parts of the 
heart is generallv conceded, but there is no general agreement regarding the 
terminal structures m the cardiac musculature and the relative importance 
of the svmpathetic and parasj mpathctic components 


\n abundant plexus composed chiefly of unmv elinated fibers is present 
m the subepicardial tissue in all parts of the heart The intracardiac 
ganglia are associated with this plexus It is most abundant in the areas 
of distribution of the ganglia and throughout the interatrial septum 
Fiber bundles arising from it penetrate the musculature and ramifv 
throughout the mvocardium, forming a loose meshwork between the 
fascicles of muscle cells and around them A relative!} rich plexiform 
meshwork occurs abo in the subendocardial tissue, from which offsets 
actualH penetrate the endocardium Both the parietal and visceral 
pericardia are innervated through a moderate number of relativelv slender 
bundles of nerve fibers According to Glaser (1924), the nerves in the 
pericardium are made up largelj of unmvclinated fibers but include 
mv elinated fibers m small numbers He found no ganglion cells either m 
the parietal or the v isceral pericardium 
In transpirent preparations of the hearts of cats and guinea-pigs, 
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Wooil ini tr uu! in no filnr n!ong tin poMi nor ‘iurfiirc of tlieltft 

ntnmn wlmh In ir no |,ui;^Im nnil n‘(ii\o no filxM liiriMil from pin;:ia 
in till < mil u j)l( MIS 1 lic^o b«rMl!o> pnilnlilv nrc o<mijy)''<si of snnp'ithdi/' 
filurs wlmli nil'll tlu Miitncnlnr wnll wjtliout interruption m rmplia. 
In no mst uiof <ouI<I he (net fihtn ihnxtlv from tlio cinRln into the 
Miitnili-' lUith filurs of s\nipithoti< onpin nml fihtn licnscil from 
( ivnii ic gmiftln could he trami into the ntriil nnlU 

\h stiitiil \lKt\e sinivll N ftnro^i Wicrsnri more nlmmlint in the siTnpa 
’iutu ( irilnt in Til'S tlian in tlw lirm(.h<*s of tin inpi Tiicaxon 

(f liie ( mil u puiRlion tflU «!so iK'Come xnricosc townnl tlicir tpmiHial 
tntK thirifon it ii iinjiosHihle to ilifftri ntntc Iwtuetn the fllwri rf 
-•Miip it In In junl tlii>«i of pnriHMnjntlw tie onpin in the tcnnnni hranebes 
' f tin ( loli u plixiis on tlu hosis of cnhlicr nrit! \nnco itv \ftcr df^tcn 
iritnni of tlu vtiircd vimpfttlulK hl»cM, follow mtt exlirfnlinii of bolb 
''ti Ihit' ^ mOi'i tlu (h^trllmt«m mul Mmiul'ince of iiheni » ulterol raucb 
niort prnfmuwllN m the \entncles tinn in tlit ntrui The intrvnubcitlar 
jiliMis so promiuint m Woollmls prrpvntions of tioninl lentnailar 
muM U ttmhl h inll\ hi ilcmonstmtcil m prrp'intums of Utc \entrvcl«o{ 
the optntcil mmnnls Hih fimhnjts stronph suppest tlinl the ntni 
the ntrn>.\intncnlar huiullc nre *5npplic<l h\ liotlj iniipitlutie find pin 
sMiip ithitK fiiurs the Miitrtcnlir inUHli niiuilv hy «\inpithctie 
\ccnrdmp to HInir mid l)i\is the entire 'ilno.icntnciilir coti 

diittiJii, H\stiin 'ihund intli supplied witli unni>cluntc<l ucrvefilicJ^ 
sil\cr prcparntious of the lieirts tind niljncint stnicturcs m leri inun! 
nmnnU (< its <lops) Nonwlc? (10^)) found tint the prcfnnphonic com 
ponents of thi i «ri and the atons of tlu canine panplinn cells w ere mere 
heal iK mipre^natcsl than the fillers arismp in the vNinpatlictic tnmt 
Rangin He could trice axons of the cnnlme panphon cells to their tcrmi 
nations in the atrud and juincwlar musculature and the nodes of tie 
conducts e sistcin hut not into the lentricnlar muMnilaturc Tlte Ic'* 
heal ill imprcpnatial ii lupathetic fillers coiilil hr tracwl into the a entnenh^ 
musculature as well as into the ntnal and nnncular muscle and the coa 
dnetne si stem 

The anatomical ilata set forth nhoie corrohomte the results of the 
experimental studies of Cnlli^ and Tnl>c (1013) wlio found that after 
section of the atno-i cntriculnr huntllc m rahhits lapiis stimulation ®aa 
ii ithout effect on the a cntnclcs On the hasis of tlu^ result and the effect 
of atropine and pilocarpine, the\ concludci! that the anpi suppl' no fibers 
to the lentnelc', and that the influence of inpns stimulation on the ica- 
^icks m the intact heart is cxcrteil throuph the ntrio-i entncular bundle 
f j*® results obtained hi simpatlietic stimulation and the 

of adrenm, thej also adianccd the opinion tlmt the acntncles arc abun 
dantlj supplied b> sampatliUic filicrb ^^lRperi> and Katz (1020) al'O 
found bj the use of adrenm, that tiic cirdnc ncccleritors exert a direct 
iMUtnw on the i entncular musculature On the bisn, of clinical studies 
UcGraff and Weiss (192o) concluded that the sianpathetic cardiac nene 
exercise considerable control oxer the xentnclcs in complete heart blocK, 
wJiereas the lagi exert onl> a shphl influence On the other hand, tb^ 
aagus control of the atm m complete heart block i^ cssentialli the 'ame 
as in the normal heart 

As the fibers whicii supply the cardi ic muscle approach their ternuna 
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tions, the> form delic'ite plewises -iround the muscle fibers According to 
\Yooll'ird (1926), tlie ner\e fibers composing these plexuses ultim'iteh 
penetrate the indi\ idu d muscle cells and running m the «;arcophsm some- 
times extend through the protoplasmic bridges into adjacent muscle 
fibers, giMng off occasional terminal t\Mgs which end m small biilb-hke 
enlargements or loops Tones (192/) also described intriccllular terminal 
structures in the a entricular muscle of tlie cat \ccording to Boeke 
(1933), ne^^e fiber terminations of this character, which usually he m 
proximitj to the nucleus of the muscle cell, occur onl\ in ^elatl^ eh small 
numbers in the nuocardmm lie emphasized the importance of tin 
terminal plexus in the cardiac muscle prcMoiish described b\ I ukiitake 
(1925), winch he regards as coniparible to the tcrmiinl plexus in smooth 
muscle, through which the uitonoinic fibers clTcct functional connections 
With the miistk cells In mtra xit «u mcthxlcuc blue preparations of the 
rat's heart, King (1939) obsen cd no plexuses around the muscle fibers, but 
described tenninal structures of cfTercnt fibers both on the surface of the 
musch cell and within the sircoplasin X single nene filler ma> siipph 
terminal branches to more than one cardiac muscle cell \ single muscle 
cell also ma\ be innen ite<l through more than one cITercnt ner^ c fiber 
Afferent —The afferent iiincr\ation of the heirt receiicd little attention 
from the eirlicr iinestigators Bcrklc> (1894) suggested that certain 
terminal structures wlucli ho ob'^ciacd, which could not he interpreted as 
motor endings,, might be receptors, Sinirnow (1895), Dogiel (1898) and 
Mithailow (190S) described tcrmmd structures,, particuhrlv in the sub- 
endocardial tissue, which ma\ be rcgirdcd as afferent ncr\e endings 
Woollard (1920) described similar structures in the cpicardium which 
imderw ent degeneration follow mg section of the a agi Thos.e he concluded 
represent receptors, associatc<l with afferent components of the ^agus 
m r^ es 

In metinlene blue preparations of the cat's heart, Nettlcship (1936) 
described an endocardial plexus m-jilc up of fibers and small ner\c trunks 
which arc continuous with the network of ncrica beneatli the epieardium 
It is present throughout the atria, and xeutnclcs and extends onto the 
atrio-\ entriciilar and semilunar \ aU cs It is most hi{,hB dei eloped o^ er 
the inferior portion of the interatrial septum The fibers in this plexus are 
unmjelmited or tlnnh m^ehnated but denied from heaiili mjelinated 
fibers Its aftereiit nature is demonstrated bi the obsen ation that it 
undergoes extensile degeneration following section of the lagus iieries 
distal to the nodose ganglion but not following section of these nenes 
proximal to the nodost Ablition of the spinal ganglia in the upper 
thoracic segments resulted m no extensii e degener ition of the endocirdial 
plexus except near the apices of the i entricles 
I^eIl defined terminal structures associated with the endocardial plexus 
are relatiiel^ rare llie simplest ones, as described bj Nettleship, are 
uncomplicated twigs which terminate m dot-like expansions which raav be 
single or double 3 he more complex fiber terminations m\ohe more or 
less elaborate arbon7ation of the terminaf branches These terminal 
Structures, probabK do not represent the onij ^cceptl^e areas Not infre- 
quenth nerie fibers within the plexus split, inttrwea\o coil and twist 
upon themsehes forming structures which Nettleship has designated 
sensor\ nodal points ” ® 
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In inetlijlenc blue prtpnr itions of the mt’s Ijc irt, Kinj; (1030) desenbed 
cncapsiiilatcd none eiidinj,3 m the vall of the \cntnile bing between 
bundles of mu'^clc fibers, muscle spindles of \ iir\ mg coinp!a\it\ , nnd simpler 
configuntions of tcrmunl branches on the surface of muscle fibers '1 bese 
structures arc nil regarded as receptors since thcN arc conucete<I ^uth 
reHti\eI> large irn elinnted nerxe fibers 

Ncttlcslnp (1030) also described a pltxifonn structure surrounding the 
basal portions of both the aorta and the pulmonar\ nrtcr\ s\hich in part 
lies adjicent to the ad\cntitia of these great se^sscls It is dtrncd from 
the subcpicardi d n(t\\ork at tlic base of the lie irt but is quite distinct from 
the cndocirdid plexus Ihis plexus unde ia\ cut extonsne degeneration'' 
follow mg section of the ^ ngus ntr\ ts distal to the nodo'^c ganglia but not 
following section jiroxmml to these ganglia, extirpation of the stellate 
ginglia or ablation of the spnnl ganglia m the upper tliorieic segments, 
conscquentlv, it must be rcgardwl ns made up inainU of the tcnninal 
branches of afferent Migns fibers 

Innervabon ol the Coronary Arteries — 1 he coronar\ arteries exhibit a \ erv 
ibundant ner^c siippK large fibers of \agns origin terminate m the 
ad\ entiti \ apparentK w ubout penetrating tlie mwba '1 hese nntloubtedK 
ire afferent I lie medu is ricliU snpphtxl, inamK through umnvehnated 
fibers of small c ihbcr ^lost of these proh ibU art snap ithctic hut fibers 
which an^e in the cirdiac g uiglii al^ ina\ be traced ihrectJi tothecoro- 
nar\ arteries (Woolhrd, 19^0) 'J lus abundant iicr\c suppK also axtends 
along the branches of the cowin m arteries ns far as the arterioles 

Following extirpation of Ixith stellate ganglia ^Xoollnrd found tliat a 
large percent ige of the ncr\e fibers m the media of tlio coronarv arteries 
and their larger branches underwent ilcgtncntion but the suppK to the 
smaller branches ind arterioles was affettwl to a lessor degree lie, there- 
fore, concluded that the coronar\ arteries are supjdicd with both sjanpa 
thetic and pans^mp^thctle nerxes but the smaller branches nnd arterioles 
are innerxated inamU through parnsMnpathetic nerxes Hits finding is 
corroborated bx expernnental ilatn rcportcil bx Ncttlcslnp (1930) In his 
experiments, bilateral extirpation of the stellate ganglion m the cat resulted 
in degeneration of one-Inlf to three-fourths of the plexus on the coronarx 
arteries but the finer nerx c fibers supply mg the coronaries and tlie plexuses 
on the arterioles and capillaries remained intact Ihese findings are of 
particular interest in xiew of the widely dixergent results of phx siological 
studies inxolxmg coronary xasodilatation and x asoconstriction 

In Nettleship s experiments, ablation of the spinal ganglia m the upper 
thoracic segments resulted m degeneration of some of tlxe larger fibers in 
the coronarj plexuses indicating their afferent character Section of the 
xagi distal to the nodose ganglia, on the other hand, resulted m but little 
degeneration in the coronaty plexuses These results indicate that the 
major portion of the afferent mnerx ation of the coronarx x essels is effected 
through spinal nerve components 

Functional Belationships of the Cardiac Nerves — Intrinsic Nerves —The 
intrinsic cardiac nerxous sjstem obxiouslx mediates the regulatory control 
which IS exercised through the xisceral components of tlie cerebrospinal 
nerxes inxolxed m the mnerx ation of the heart but to what extent 
the \ arious actix ities of the heart depend on impulses emanating from the 
central nerxous system is not fully known Rhythmic contraction of the 
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Jieart is not dependent on the central nenoiis s^stem but tins does not 
necessariK impU that rbjthmic canine eontnction nla^ go on inde- 
pendentU of the intrinsic cardi ic neiaes, althougli tlic capacit\ for rln th- 
mic contraction is inherent in cardiac muscle 

Various m\cstigators ha\ e inamtaintd that the cardivc plexus includes 
a s^stem of local reflex mechanisms Morphological endenct for the 
existence of intracardiac reflex ares must he regarded is niconclusu e The 
fact that rlnthinic contractions of the heirt max continue iftcr its con- 
nections with the centrd nerxmis sxsteni ire sexerdh or exen after it is 
remoxed from the bodx, does not x\ irruit tlie assumption of an intrinsic 
reflex mechanism It onlx shoxxs that the istilatcfl heart possesses uito- 
inaticitx , 1 c , the heirt xx ith its intrinsic mrxts possesses the t ij) icitx to 
initiate ind cirrx out the xanoiis jihascs of cardne letixitx m tlie proper 
sequence to bring about coordmatctl eoiitr ictions of its x anous p irts 
The normil sequence of contraction of the cardne muscuhturc prohahlx 
inxolxes diflercntiatcd conduction sx stems ind graded dilTercnces in the 
degree of rcsponsix encss to stimulation Ihesc conduction sx stems vre 
not nervous m the ordinarx sense llic cxcle of eontnction is initiated 
in. the region adjacent to the cntrmcc of the superior xeni cax i into the 
right atrium, i e , the area xxlncli corrcsp<mds to the sinus xenosus in the 
more primitixe xertebratc Ik irt Ihis irea in xxlnch the contraction 
phase lUo continues longest, max be regardcil as the seit of the pace 
makers for the entire heart 

If the sinus is tlic seit of tlic pact makers of the heart belt, i t? , if it 
dominates the rlixthmic contractions of the entire iicirt is the best 
evidence available seems to uidicitc, how arc the impulses xxlnch arise 
m this irea tnnsmitted to the rest of the heart’ \ discussion of the 
phj siological (lita hearing on this point is not within the scope of tlio 
present volume Ihe available cxidencc fixors the view that, at leist in 
the cold-blooded heart, the propag ition of the beat is mx ogenic 

Conclusions drawn from the results of experimentation on the hearts of 
cold blooded xcrtebratcs cinnot he accepted as xahd for x\ ann-blooded 
xertebntes without first establishing the structural relationships between 
cold-blooded and warm-blooded lieirts In dl xertebrite embrxos the 
heart arises as the so called cardne tube The remains of this primitixe 
tube are not apparent in the mammalian heart on superficial examination 
hut It Ins been shown hx careful anatomic il studies that it exists m the 
mammalian heart m the specialized tissue xxhicli makes up tlie atno- 
xentncular bundle This tissue is histologically distinct from the rest of 
the cardiac tissue and is disposed in a manner xxlnch suggests tint it is the 
main pathxx ax along xx Inch the heart beat is propagated 
At the upper end of this bundle, in the mammalian heart, is the atrio- 
xentricular node This structure, situated near the posterior margin of 
‘J^eratnal septum, consists of an aggregate of peculiar primitix e cells 
and fibers It is continued downward to the mterxentricular septum At 
a point a little in front of the attachment of tlie septal x alx e it bifurcates 
into right and left branches which continue toward the apex of the heart 
just beneath the endocardium on each side of the mterxentricular septum 
I’ ach brancli ultimatelj gn es rise to an intricate system of smaller branches 
xxhich become reflected oxer the inner surfaces of the xentncles These 



ISO Oh Tur iirAnr 

br'inclici) arc nindc up of the so-cnllwJ I*urkinjc fibers A\lncli ultiin itelv 
tcrmimto in cIo'jc rclntionslup with tilt pipj|Inr\ muscles 
As stated abo\c, the c^clc of contmctiou is mitmtcd m tlie riffion at the 
mouths of the ^cm. c'l^a. Jht txidtiitL n\nihb!c strongly favors the 
conclusion tint the heart belt nctimllv oriffinatcs in tlie sinu atri il node 
Irom this point it probibK spreiils throiipli the muscular tissue of the 
atrnl will until it reaches the ntno-vtiitritular noilc It is then trans- 
mitted to the ventricles nlon^ the ntrio-veiitnculnr bundle 'Ilus fact 
has been most cleirlv demonstnitoil hv <,xi>erinicnts involving heart- 
block If, m the inuninaliui heart, a thmp is so arranged that it com 
presses pnetKilIv notliing hut the ntrio-ventncular bun<IIe, jiartial or 
complete licirt lilock miv \k proiluetd at will \Mien moderate pressure 
IS applied, ventricular eontnction follows rtgularlv tver^ second, tlurd or 
fourth atrial eontnietion When tlie jvrtaaurv is extreme, the rhvthm of 
the ventricle becomes eiitirelv iiKlepemitut of that of the atrium \Micn 
the pressure is relieved the heart-block iisiinllv disnpjicars and the normal 
sexpienec of atri il niul vcntncul ir eontrietions is rnstablishctl 
1 rom the atno-ventncuhir bundle, the irnpuKo is propagited along its 
manv branches wlutli terminate m close association with the papiilarv 
inusclca These muscles arc the fint pirt of the vtntr/culir musculature 
to contract lliis oliviousK is significant m connection with the function 
of the papiilarv muscles in putting the ehordre tcndime under tension, so 
as to keep tlie atno-vcntricular flaps from bulging into the atri v when at 
the beginning of vcntncul ir contniction high intraventricular pressure is 
brought to bear on their veutriciihr surf ices After being initiated at 
these points in the ventricle, the wave of contraction scorns to spread 
through the muscle at a fairlv umfonn rate 
The atrio-vcntncular bundle is abimdintlv suppliexl with both sjanpa- 
thetic and paras>anpatlietic nerve fillers Conduction through the atrio- 
V entricular bundle is know n to be subject to alteration b> impulses reach 
ing it through the cardiac branches of the vagi particular!) those of 
the left vagus Experimental data reported b^ Ihiddii (1937) support the 
assumption that vagus stimulation docs not c-vert a direct efTcct on the 
cardiac musculature but results m the liber ition of an acttvlcliohne-hke 
substance m the sinus area, the cfTcct of winch is transmitted to the muscu- 
lature through the atrio-v entricular bundle 
Extrinsic Nerves —The control e.xcrcis«I through the extrinsic mnerva 
tion of the heart on cardiac activities is primarily regulatory In general 
cardiac inhibition is mediated through the vagi and canliac acceleration 
through the sympathetic canine nerves The extrinsic cardiac nerves also 
mediate impulses winch inodifv the force of the heart beats and the con- 
ductiMtv of the cardiac muscle 

The effect on the heart of vagus stimulation, under normal ph)sioIogicil 

conditions is inhibitor) but cardiac accclention due to impulses conducted 

bj the vagi has been demonstrated expcnmentallv Brouha and Nowak 
(1930) reported cardiac acceleration m dogs following the administration 
of atropine twentv days or longer after total syanpathcctomy Brouha, 
Nowak and Dill (1939) reported cardiac acceleration in totallv svanpa- 
thectomized dogs due to muscular exercise and emotional excitation 
These results could be consistently abolished by intracranial bihteral 
vagus section Cardiac acceleration due to muscular ixercise m totally 
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sjmpithectomized dogs could be recognized fourteen da\s after the opera- 
tion, but did not reach its inoMinum until appro\unattl\ one tear after 
operation 'Ihe cardiac acceleration obserted in thcie totalK s\mpa- 
thectomizefl animals obtiousK represents a shift of function to potential 
mechanisms t\hich normalK arc not brought into plat This shift requires 
a certain length of time Iht sensitititv of the mechanisms intohed 
apparentlt detelops gradual^ after the nonnal accelerator mechanisms 
arc destrot ed 

Kabat (1940) demonstrated the existence of cardio accelerator fibers in 
the tagus nertes of tlie dog ht electrical stimulation of the tagus rootlets 
mtracranialh Ihct are present prcdominanth in the right t igus dhet 
cannot be excited reflcxlt ht stimulation of the carotid sinus or afferent 
t agus fibers hut respond promptlt to acute cerebral ancmi i 1 he chemical 
mediator liberated at the terminations of these hbers m the he irt probabl} 
is stmpithin 'Iheir threshold of stimulation is somewhat higher than 
that of the cardio inhibitort fibers The\ probabU ph> no significant 
rule in cardiac control under normal phtsiological conditions 

The results of ph\siological studies (Colm, 1912, llobmson, 1913, Cohn 
and Lewis, 1913, logelson, 1929) ha\e shown that m mammals the right 
a agus acts mamla on the sinu-atnal iioile and the left a agus on the atrio- 
aentncular bundle 'ilus is also in agreement witli the results of exper- 
iments earned out on cold blooded animals Stimulation of the right 
\agus alwajs results in retardation and weakening of both the atnal and 
the aentncular lie its Stimulation of the left a agus sometimes has little 
influence on the atcul beat, dthougli it maa bring about a condition of 
partial heart-block If the atrio-\ cntnciilar bundle is clamped so that a 
condition of partial heart block alrcada exists, stimulation of the left 
a agus ina\ result in complete heart-block The left a agus also exerts a 
direct influence on the aentricles which affects the force of contraction 
rather than the rate 

llie results of experimental studies carried out on the dog’s hcirt ba 
Bachmann (1923) indicate quite clcarlj that the aanous ganglion ccU 
groups associited with the smu-atnal junction arc related to both aagi 
Aaerage computations based on the effects of the administration of nicotine 
and destruction of aanous parts of the area inaolaed ba a coagulating 
fluid shoaa tint the left a agus is distributed predominantla to the superior 
caaal ganglia and the ganglia at the head of the sinu atrial node, and the 
right a agus to the intercaa al ganglia and those at the tad of the smu-atrial 
node In most cases the ganglia in the coronarj sinus receia c onl> fibers 
of the left a agus On the basis of these findings, it maa be assumed that 
the greater inhibitora power of the right a agus notetl aboae is directla 
related to its more extensiac distribution to the ganglia associated with 
the sinu-atrial node The quantitatiac distribution of both a agus neraes 
to the ganglia associated with the smu-atrnl node, as pointed out ba 
Bachmann, aanes aaidelj in different animals, the aaerage order of dom- 
inance being sometimes re'ersed in mdiaidual cases 

According to Fogelson (1929), stimulation of the sampathetic cardiac 
neraes on the right side results in greater acceleration of the cardiac 
rhjthrn than equal stimulation of tlie sjanpathetic cardiac neraes on the 
lelt side btimulation of the right sampathetic cardiac neraes also aug- 
ments the force of the atnal contraction, but has no marked effect on the 
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force of the -ventncuhr contruction It exerts no cfTctt on tlit intcr\al 
betucen atrial and \pntncuhr contractions Stimulation of the left 
sympathetic cardiac neracs, on the contmrj, exerts no inarXcd mnucnco 
on atrial contraction but auRmtnts the force of \cntricular contraction 
It also tends to shorten the interxal l>ct\scen atrial and xcntricular con 
tractions Section of the s\mpftthetic cardiac neracs results m no marked 
depression of the basal heart rite In experiments reported In Murphx 
(1912), the near basal heart rate of nonnnl umpprehensue do;,3 v-hicli 
had been ^Mthout foo<l for t\\ the hours und hul restwl qiiietU for one liour 
shoued a ranpe of 50 to 50 beats per minute This rate was not ippre- 
ciablj chvnped following Inlatcral extirpation of the upper fiNC thoracic 
segments of tlie s^anp ithctic trunk, including tlic stellate tanj,lion 

AlTcrent impulses coming from nn\ part of tlie botU m \\ influence tlie 
heart through the aagi btimulition of the central end of am sensorj 
ner\e in mammals usually results in retardation of the licart beat but 
some times elicits cardiac atcclcrUion Certain afTircnt ntr\es are more 
sensitive in this respect than others Stimulation of tlie pulmonarj 
branches of the v agi usuallj results in marked canliac inhihition Stimula- 
tion of trigeminal fibers through the mucosa of the upper rcspiratorj 
passages, as b\ inhalation of irritating vapors likewise brings about 
strong cardiac inhibition Profound cawhac mbibition also is elicited bj 
violent stimulation of the inescnterv, as bv a blow on the nlxlomen, or b) 
irritation of the sensorj nerv ca of the gastro intestinal c mol cither incchan- 
icallj or b\ disease 

In experiments reporte<l bv Pearev and Howard (1927), distention of a 
segment of the inte&tmc bv means of a balloon, m a narcotized dog in 
which the heart was poi«onc<l bv barium chloride or dif,itali3 elicited 
cardiac reflexes which resulted in an elevation of the 'l-wav e and a decrease 
in the II to end of 1-interv al These reflexes w cre not abohslicil bv section 
of the vagi TIic> advanced the opinion tint distention of the intestine 
mav react upon the heart in a similar maimer m the presence of nnv disea'^e 
which damages this organ In anesthetized dogs in which the heart had 
not been poisoned, as reported bj Owen (1933), distention sudden col- 
lapse or irritation of the hollow viscera nrclj elicited canine nrrhv thmns 
In dogs which had been jaundiced hj. reason of obstruction of the flow of 
bile, distention of the bile duct caused either ectopic atrnl beats or heart- 
block which usuallj was associated m time of occurrence with the appear- 
ance of retching or vomiting Crittenden and Ivj (1933) also reported 
that nausea, retching and v omitmg produced bv the subcutaneous injection 
of apomorphine in dogs may elicit cardiac irregularities, such as heart- 
blocks, cardiac arrests and atnal or ventricular ectopic beats In their 
experiments nausea usuallj was accompanied bv tachveardia, and retching 
by bradjcardia 

Retardation of the heart-rate in man maj be caused bj direct stimulation 
of the V agus center, as bj the pressure of a blood clot or tumor in the 
medulla, or by the reaction of this center to some unusual hormone m the 
blood In experimental animals, according to Reid (1931), metabolites 
from an ischemic limb passmg into the blood result m retardation of the 
cardiac rhythm The vagu& center also is stimulated by a general increase 
m intracranial pressure In tlie experiments of Anrep and Starling (1925) 
and Anrep and Segall (1926) a nse in general cerebral pressure caused 
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slowing of the heart-nte A inous other conditions which result in direct 
stimuhtion of the ^^gub center, likewise, c^use teinpornr\ or prolonged 
retardition of the cirdnc rate 

An increase in the hlood pressure in the carotid arteries, under normal 
conditions, results in retardation of the heart-rate Lxtcrinl pressure m 
the MCinitj of the bifurcation of the common carotid artcrj likewise ina> 
elicit reflex brad\cardia In seeking an explanation of these reflexes 
Hering (1923) found tint thej haac their origin in the dilated proximal 
portion of the internal carotid arter\ , now coininonU know n as the c irotid 
sinus In a senes of later studies (1024-1930) he ^crlficd ind extended 
his earlier findings regarding these reflexes Other imestigators, not ihU 
de Castro (1920, 1928), Hejmans (1929) and Sunder-Plasstnann (1030) 
corroborated Ilcnng’s findings regarding the origin of these reflexes and 
demonstrated both anatoinicalh and experimentalK that the nerxe fibers 
which constitute the afferent limbs of the reflex arcs emplo\crl are afferent 
components of the glossophar\Tigeal nerxes Ohe mhihitorx impulses are 
conducted to the heart h\ x iscervl efferent components of the x agi The 
reflex connections undoubtedK are effected in the nucleus of the xngus 
nerxe 

Cardiac acceleration is mediated through tlie s'lnpathetic cardiac 
nerx es, but does not mx ol\ e the entire sxmpathetic supplx lleiing (1924) 
could not elicit cardiac acceleration bx stimulation of the cerxical sxmpa- 
thetic trunk m mammals (dog, cat, rabbit, ape) Shilf and Bruning (1920) 
also failed to elicit acceleration of the heart-rate m imn hx stimulation of 
the superior and middle cervical sxmpathetic cardiac nerxes On the 
other hand, stimulation of the roots or communicating nini of tlie upper 
thoracic nerxes, particularlx those of the second and third, or the post- 
ganglionic fibers running from the stellate and upper four or fixe thoracic 
sjTDpathetic ganglia to the heart alwajs results in cardiac acceleration 
The accelerator fibers probablx are conxexed to the heart inainlx in the 
inferior cerxical and thoracic cardiac nerxes In addition to bringing 
about cardiac acceleration, sxmpathetic stimulation also modifies the con- 
ductix ity and contractile power of the cardiac musculature 
Sx-mpathetic stimulation differs from xagus stimulation of the heart m 
that a longer latent period elapses before it becomes cffectixe The effect 
of sxTnpathetic stimulation also continues longer than that of xagus 
stimulation after the stimulus is withdraxxn A^Tien the xagus and sxonpa- 
thetic nerx es are stimulated simultaneoiisK the x agus effect consequentlx , 
is obserx ed first and is usuallx followed, after the remox al of the stimulus, 
bx the sjonpathetic effect If stimulation of both nerx es is continued for 
a long time, the xagus becomes fatigued and permits the sxTnpathetic to 
become effectixe earlier than it would if the xagus alone were stimulatetl 
The sjTnpathetic influence, hoxxexer is nexer as strong as the xagus 
influence Vagus and sjonpathetic nerxes therefore, are not antagonistic 
m the sense that the influence of the one is neutralized bx that of the other 
but when both are stimulated simultaneously the heart responds first to 
the X agus and later to the sxonpathetic This difference in the response of 
the heart to xagus and sympathetic stimulation probably is an important 
factor m the normal functioning of the organ It also lends support to the 
theoTX that the xagus center is dominant m the regulatory control of the 
heart which is mediated through its ejctnnsic nerxes 
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\entricle are regulated at least in part the pre3f,orecepti\ e sensiti\it\ 
of the pulmonar% arteries and \ems, the aena. ca\ t and the right atrium 
(He\Tnans, 1938) 

Chemoreceptn c reflexes pla\ a significant role pirticularh m the reg- 
ulation of the cardiac output hen the human sub3ect, on a tilting board, 
IS tiltul passi\eh to the upright position the pulse rate is increised and 
the cirdnc output diminished These cliangcs arc correlitcd nith the 
shift of blood from the trunk to the Ion er extremities ( \sinussen, Christen- 
sen and Nielsen 1939) Cutaneous a isoconstriction al>o is indicated b\ 
a reduction in skin temper iture Tlic cirdiac acceleration and the \aso- 

constrictions nhich occur on tilting undoubtodU are reflex responses to 
stimulation of the pressoreceptors m the cardio-aortic pressortceptne rone 
ind the cirotid sinus nliich tend to maintain the blood pressure at normal 
lea els, but do not tend to increase the canliac output Vsmussen and 
Knudsen (1942) haae found that if the subject on the tilting board whose 
cardiac output is decreased, breathes air low m 0 , the a olume of the blood 
issuing from the heart is increase<l, aahich indicates that stimulation of the 
chemosensitiae receptors initiate reflexes which tend to increase the cirdnc 
output Similar reflexes also are initiated ba the onset of aa ork 
Ihe literature bearing on the regulation of the coronary circulation is 
aoluminous and records mana conflicting obseraations In a comprehen- 
sixe reaieaa of this literature \nrep (1920) pointed out that the weight of 
ea idence f u ors the ha pothesis th it constriction of these a tssels is mediated 
through the parasaanpathctic neracs, tlicir dilatation through the sampa- 
thetic nerxes Ihe results of certain later studies, particularK those of 
Greene (1939, 1934) Danielopolu and Margou (1933), Gollwitzer-Meier 
and Krugir (1935) and Birtschi (193C) support tins assumption, aahile 
those of others support the opposite point of x lexx In cNpenmcnts reported 
bj Kountz Pearson and Koenig (1931), xagus stimulation resulted m 
retarding the rate of contraction of the normal human heart and increasing 
the flow of blood through the coronarx xessels, sjinpatbetic stimulation 
resulted in accelerating the heart rale and reducing the coronarx flow In 
perfusion experiments on the rexixed human heirt, xagus stimulation 
reduced the coronarx flow and sympathetic stimulation increased it while 
there was dissociation of atrial and xentnculai contractions and the rate 
of contraction w as not influenced bx ner\ e impulses The action of drugs 
which m the beating heart, increase muscular actixity and decrease 
coronarx flow simulated the effects of sx-mpathetic stimulation, that of 
drugs which cause dilatation of the beating heart and increased coronarx 
flow simulated the eff< cts of x agiis stimulation No comparable similantx 
was noted between effects of nerxe stimulation and the action of drugs 
which exert their influence priinarilx through the constrictor and dilator 
fibers to the coronarx x essels On the basis of these experimental results 
the conclusion xxas adxanced that in man the cardiac nerxes exert their 
influence on the coronarx flow mainly through changes in the state of the 
cardiac muscle The results of expenments earned out on the dog’s heart 
in a state of xentncular fibrillation reported bx Katz and Jochim (1939) 
seem to support the assumption that the xagi include onl\ cholinergic 
coronary xasodilator fibers which are tomcally actne while the sxmpa- 
thetic cardiac nerx es include both adrenergic coronarx xasodilator and 
adrenergic coronary x asoconstrictor fibers which are tomcally actixe, the 
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action of tlic sjmpathetic ncr\ci> beinj, prc(loiniiniitl\ ^ U'ioconstrictmn 
Ihcse expernnentnl results, like those of Kountz rt a1 setin to he \ali(l 
but m \ic\v of the \olumL of tlu, flat i winch ha\c been interpreted as sup- 
porting the assumption that constriction of tlie coronary \ csscls is mediated 
througii the pariSMiipithctic ncr\cs mid their dilatation through the 
sj inpathetic ntr\ es, this problem cannot Ik* rtgardwl as finalh sol\ ed 
In i &tud\ of the effttt of the actn it\ of skeletal muscles on the coronarv 
circulation, Greene (1011) found that the coroimia flow is shariilv aug 
merited at tlu beginning of muscular iictiMts and the eoronnr\ dilatition 
persists into the after ])criod He nd\ nnced the opinion that reflex coronarj 
dilatation associated w ith muscnlnr atti\ it\ is a major factor m the nutn 
tion of the heart during the uhleal strain incident to the acti\ it> of skeletal 
muscles In experiments reported bj Tssex, Herrick Baldcs and Mann 
(l&n), the cfTeets of exercise on coroinrx flow did not differ csscntialh 
in dogs which had been subjectexl to svinpathetic ilencrs ation of the heart 
and nonnal control animals In the nliseiice of inarkcel cardiac acceleration 
and ele\ ation of blood jircssurc the coro!nr\ flow was not inodific'd b% 
exercise In annuals with xagotomizexl or totalK dcncr\atcd hearts the 
coronarj flow appcired to be inflncncctl mnnh h\ tJic blood pressure 



CHAPTER VIII 

INNEIHATIOX OF THE BIOOD AESSELS 

Anatomic Data —Source ol the Nerve Supply —The mner\'ition of the 
blood \ es^els include^ both efferent ind afferent ner\ e fibers. The efferent 
fibers include both \ asoconstnetora and lasodiKtors Ihe fonner are 
miinh sjTnpathetic, the Htter include both sMnpathctic and parasMii- 
pithetic components The afferent fibers distnbute<I to tlie blood ^cssels 
are components of the sen''or\ cerebrospinal iicr\c roots Certain ^ ascular 
areas particularb (1) the proximal portion of the aorta including the 
aortic arch and the aortic bodies the proximal portion of the pulrnonarj 
arter\ and the cardiac Malls adjacent to the great acs‘«els, and (2) the 
carotid sinuses and carotid bodies arc supplie<I w ith special afferent ner\ es 
Those Minch suppK tlie former area mIucIi im\ be called the cardio- 
aortic zone are branches of the \ igi which arc called the depressor ncr^ es 
The carotid sinuses and carotid bodies are supplied through branches of 
the glossophar\ ngeal ner\es known as the caititul smub ncr\es (Iig 40) 
ihe carotid smusma\ aUo receive an afferent branch of the vagus These 
V iscular areas, with their afferent nervca, inaj be rcgardcvl as presso- 
receptn e and chcmorcceptn e mechanisms 
The large blood vessels of the trunk c ff , the aorta and inferior vena 
cava, are supplied quite directlv bj the autonomic nerves nearest to them 
In the thorax, tlicse vessels receive fibers directlv from tlie svanpathetic 
trunks and the cardiac plexus In the abilomen the> are supplied bv 
rami from the plexuses along the \orta The arteries and veins supplying 
the abdominal organs m the main arc innervated in the same manner 
rhe vessels in the neck and head derive their efferent innervation mamh 
from the cervical svanpithetic ganglia Rami from the inferior cervical 
and upper thoracic ganglia form a plexus on the vertebral artcr> which 
extends cephalad This plexus, according to R\ nders (1933), also receiv es 
fibers through the grav communicating rami of all the cervical nerves 
Rami from the superior cerv ical ganglion form a nth plexus on the internal 
carotid and a lesser plexus on the external carotid arten through which 
the svmpathetic s\ stem is extended into the head Rami from the inferior 
cervical and upper thoracic sympathetic trunk ganglia also join the com- 
mon carotid arterv, giving rise to a plexus on this orterv which is con- 
tinuous with those on the internal and external carotid arteries The 
peripheral vessels are supplied by sympathetic fibers which join them 
via the somatic nerves which he in closest proximitv to them Afferent 
nerv e fibers m general reach the blood v essels v la the nerv es through w hich 
thev receive efferent fibers 

The older anatomists were conversant with the anatomical fact that the 
peripheral v essels are joined by nerv es along their courses Goering (1836) 
and Erev (1874-1876) stated very definitely that the peripheral arteries 
and veins are innervated through branches of the nerves which he closest 
to them According to Krimer and Todd (1914) the subclivian and 
axillarv arteries receive their nerve supply directlv from the svanpathetic 

( 157 ) 
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trunk, but all the more distal arteries in the upper cxtremitv are supplied 
\\ith sjuipathetic fibers ^\hich art convcicd pcnpheralward in the spinal 
ner\es and distributed to the \nrious blood \cs3cls at irrej,ular intd^sls 
The \essels m the more distal parts of the limbs, particularly those in the 
hands, are joined by branches of the adjacent ncr\cs at more frequent 
mtcr\ sis than those in the proximal parts of the limbs 



Fia 40 — Dngrammalic illustration of the depre«?or and earotid sinus nerios 

The plexus on the abdominal aorta gi'es ri‘«e to a subordinate plexus on 
the common line arterj, from which some fibers extend to the proximal 
portion of the femoral arter\ but the more distal portions of the femoral 
arterj and the other x essels of the low er extremitj , like those of the upper 
extreraitj are supplied with sympathetic fibers which are coinexed per- 
ipheralward in the somatic nerxes and are distributed to the xesstls at 
irregular mterxals (Potts 1915) The distribution of nerxes to the large 
arttnes of the loxier extremitj, as obserxed m a careful dissection, is 
illustrated in Figure 41 

In a critical studj of the extrinsic innerxation of the \ essels of the 
extremities, Hirsch (1925) tmplojed minute dissection under moderate 
magnification following silxer impregnation of the nerxes The results 
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ipheral \es 5 els include both mjdimtcd and unnnelimtcd nerie fibers 
The puteH lascuhr rami include mainh postganglionic and atfercnt 
fibers The distribution of nen es to the arteries of the forearm and hand 
IS illustrited m 1 igurt 42 , i , ^ 

According to ^^ooMaTd’s findmg:> m nonn'xl 'inimals (nt, guinea pig 
cat, dog), bundle:, of ne^^e fibers extend from the plexus on the aorta 
along the iliac arter\ , forming an interlacing plexus \s these bundles 
are traced distaluard along the femoral artcr\, the\ gradualU become 
smaller and disappear someuhere m the distal part of the femoral region 
The femoral arterj is joined twigs from the adjacent ner\ Cs, the major- 
ity of which arc \ crN small Tht\ arc composed on the n^ crage of fi\ c to 
ten fibers These tw igs. become more numerous is the arteries grow smaller 
The arterioles, according to ^YooUard, “arc enmeshed in the ramifications 
of the neia e bundles ” 

The proximal portion of the x isciilar tree in the extrtmitx , according to 
Burns (1035), is supplied with fewer sxmpathctic nerxe fibers than the 
more distal portions lie found no nerxe bundles coiirsmg for more than 
a half inch along a xcssel or within its wall in tlic hind limb of the cat 
Tlie nerx e fibers commonlx enter the\es‘5cl xxall in bundles x\ Inch penetrate 
the adxentitia and join the plexus at the border of the adxcntitia and 
media 

The blood xcssels in the xertcbral canal, including the intrimeilullarx 
xesbels of the spinal cord are suppliwl with sx-mpathetic ner\c fibers 
segmentalU from the simpathetic trunks througli rami which traxerse the 
mterx ert« bral foramina These raini also include afTcrent components of 
the corresponding spinal nerxes 

The intracranial x esscls, including the dural sinu^cs are supplied w ith 
sxTDpathitic nerxe fibers mamlx xia the plexuses on the xertcbral and 
internal carotid arteries According to Chorob ki and Pcnfield (1932), 
some of the preganglionic fibers inxolxcd m the sxanpathetic innerxation 
of these xessels terminate in relation to ganglion cells locitcd at lex els 
higher than the superior cerx ical ganglion \n accessorx sxTnpathetic 
ganglion not infrequentlx occurs on the internal carotid arterx both in 
man and lower mammals In some cases sxTupathetic ganglion cells aKo 
occur scattered along the internal carotid According to their findings 
the intracranial xessels also haxe a parasianpathetic mnerx ation the post- 
ganglionic fibers of which are derix^ mamlx from ganglion cells located in 
proximity to tlie anastomosis of the greater superficial petrosal with the 
internal carotid nerxe The preganglionic fibers which end in relation to 
these ganglion cells trax erse the greater superficial petrosal nerx es Cram il 
nerve branches haxe been traced to the dura and dural xessels particularly 
^om the trigeminal, glossoph irxngeal, xagus and hxpoglossal nerxts 
Slender rami from most of the cranial nerxes also join the pial and intra- 
cerebral xessels (J^fcNaiigMon 1933) These cranial nerxe branches 
undoubtedly include afferent fibers supplied to the xessel walls and the 
meningp Afferent components of the upper thoracic nenes enter the 
cerebral area x la the plexuses on the common and internal carotid arteries 
(ixuntz 1934) IMiether these fibers plav a part in the mnerx ation of 
intracranial \ essels as y et is unknow n 
According to the older teacbmg, tlie intracerebral blood xessels arc not 
subject to \ asomotor control The results of more recent studies indicate an 
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'ibundiiit ncne supply to these vessels Stoclir (1022) and Dowgjallo 
(1932) desenbed nn 'ibundmt nenc supply to the pml vessels Clarke 
(1929) demonstrated pernnscwlar nerses svithm the mcdullan substance 
m the «ipin il cord and the medulla oblonsata in cats and dojjs Kurusu 
and Ilainada (1929) descnlxjd ner\cs m the lubcntitm and in^n of small 
intracerebral arteries in dogs and inonke\s Gngorjeun (1932) also 
report c<l intracerebral \ascular neiv es m certain mammals Pcnfield (1932) 
demonstrated unm\ehnatc<l none fiher» nssociatofl s'lth intnmcdulhrj 
s esseb throughout the central ncr\ mis s\ stem m ^ anous mammals, mclud 
ing man llicsc fibers i\erc found to he continuous witli the nenes asso- 
ciated ^ith the pial vessels and could l>e tracctl onto arterioles as small as 
20 to 30 microns in diameter (Chorohski nn<i Pcnficld, 1932) Tlie v essels 
of the choroid plcMi'^s also hav c an abundant nerve suppb i\hich includes 
both cfTcrcnt and afTerent components (Stoelir, 1922, Clarke, 192S) 

Ihc chief prcssoreccptivc and thcmoroecptivc vascular areas are ahun- 
dantlj supphofl vMth alfcrcnt fillers m iinlj of the v ngus and gloasoplnrvm 
Real nenes 'Ihe«c areas include the proximal portions of the aorta and 
the pulmonary arterj the terminal portions of the great v eins and adjacent 
portions of the heart, the carotid sinuses and the carotid and aortic bodies 
file carotid and aortic bodies art not e^s< ntial components of the v ascular 
8j stem but are mtimatcU rchtwl to it Imlh dev clopincntnlt> and fiinction- 
alK Tlic carotul hodu-s aUo are devclopinentaliv related to the glosso* 
pharvngeil ncnca, the aortic liodics to the vagi (Hovd, 3937) 

The aortic ((lcprc>'«or) branches of the vagi as dtscnbw! h> Nonidez 
(1935, 1937) particularlv in the rabbit guinea pig and dog differ m their 
distribution on tbo tuo sides On the right side tlic aortic nerve termi- 
nates in relation to the innommatt nrten nt the ha^cof the right sul>cla\ lan 
On the left side most of its fibers tenninate m relation to tlie arch of the 
aorta and the pidmonarv arttrv Koth aortic iierve> supplj fibers to the 
aortic bodies adjacent to them The carotid sinus and the carotid bod> 
on either side receive tlair afferent innervation mainlv through a ramus of 
the glossophnrvngeal nerv e, the carotid sinus nerv e (I ig 40) 

Distribution of Nerve Fibers In Vessel Walls —Tlie intrinsic nerves of 
arteries and v ems are arranged in a more or less definite manner Michailmv 
(1908) described an outer plexus m the adventitia, a deeper plexus at the 
border between adventitia and mc<!ia, and a deepest plexus m the media 
He designat«l them respcctivclv the "adventitial ’ plexus, the "border ’ 
pliacus and the ‘ muscular ’ plexus Certain other investigators have not 
riHiogmzed a border plexus The> also question the adv isabihtv of regard- 
ing the nervous tomplcx in the media as a plexus (Ilirscb, 1920) 
concede that the adventitia and media are abundantly supplied with 
intrinsic nerve fibers but there is no general agreement regarding the 
existence of nerv e fibers m the miima 
According to Hirsch (1920), who «itHdie<i the distribution and arrange- 
ment of the nervous elements m the walls of the larger vessels m the 
extremities in man the nerve fibers in the adventitia do not con'jtitute a 
plexus at anv given deptli m this lavcr but occur m larger or smaller 
bundles throughout its entire thickness ^\3ide m general, the nerve 
fibers run longitudinally in the adventitia, there is no reason to assume 
mdiv idual fiber bundles continue along the v essel but short distances 
The fibers are m part mj ehnated and m part unm j elmated Thej enter 
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the '\d\ entitn through slender rimi insing from the som'itic nerv es These 
rami can usually be traced but a short distance, if at all, along the ^ essel 
until the\ are lost in the ad\ entitial tissue The fibers of an> one ramus 
do not all take the same course m the ad\entitia Most of them seem to 
run distalw ard, but some run in the opposite direction Not uncommoiih 
the fiber bundles are arranged w ith reference to the a a<?a a asorum, but to 
avhat extent the\ are functionalK related to these small aessels is not 
apparent from the histological picture The aasa a asorum apparentlv 
afford conaenient pathaaajs for the nerac fiber bundles through the ad- 
a entitial tissue In most instances, a fiber bundle aa Inch joins one of these 
small aessels accompanies it for a short distance and then deaiates from 
its course through the connectiae tissue and joins another of the aasa 
a asorum Stohr (1922) described the same relationship of the neraes in 
the adaentitia to the aasa a asorum m the blood aessels of the pia mater 
and chorioid plexus According to Hirsch, the capillaries in the ada entitia 
commonla are accompanied b\ one or more nerae fibers but it is quite 
impossible, on the basis of histological obsera ations, to decide aa hether these 
fibers are functionally related to the capillaries or merela accompana them 
through the connectia e tissue 

Hirsch aaas not conainced, bj the results of his studies, that the mesh- 
aaork of nerae fibers in the adaentitia should be regarded as a continuous 
plexus around the a essel, regardless of the abundance of its fibers Other 
ina estigators (Michailoaa, 1908, Glaser 1914, Woollard, 1928) baae re- 
garded it as a continuous plexus aaluch completel} encircles the vessel 
According to WooUard, this plexus occupies all planes of the ada entitia, 
and exhibits essentialla the same arrangement m both the larger and smaller 
a essels 


Fiber bundles coursing through the adaentitia enter the media Some 
of them seem to be deriaed from the plcxiform meshaaork in the adaentitia, 
others enter the media quite directK from the raini through aaluch the 
fibers are cona ea ed from the somatic nera cs to the a essel These bundles 


include relatiaelj feaaer mjelinated fibers and a larger proportion of 
unmaehnated ones of small caliber than those aaluch ramifj onla m the 
ada entitia (Kerper, 1927, Woollard, 1928) According to IMichailoaa (1908), 
Dogiel (1910), and Glaser (1914), these neraes constitute a plexus in the 
musculans aa Inch as described ba Dogiel is made up of numerous varicose 
unmyelinated fibers and spreads out over the surface of the muscle laaer 
as aaell as between the muscle fibers throughout the media Both Hirsch 
and Stohr observed a plexus on the surface of the circular muscle, but 
failed to find nera e fibers m the deeper lav ers of the musculature Burns 
(lOS*)) described the nerae complex m the media as a netaaork aahich 
exhibits true anastomoses Kerper (1927) observed unmaehnated fibers 
ot small caliber throughout the entire musculature ■\\oollard described 
the intramuscular plexus as a real ner\e net composed of fibers aahich 
diaide, rejoin, and diaide again, forming a continuous fibrous structure 
throughout the length of the a essels Boeke (1932, 1933) has emphasized 
the abundance of nera e fibers in the arterial avails, particularly m the media 
According to his account the nerve fibers supplying the media form a 
dense intricate plexus aahich covers the entire muscular coat and extends 

rrm throughout the entire layer 

U ig 43) The terminal elements of this plexus penetrate the muscle cells 



1G4 


INNrh\ ATIO^ OF Tlir mOOD 1 1 s 


and become continuous wit\i an cxtrcinrb dcbcitc network witbm tbe 
cytoplasm Nonulcz (1030) described ner\c fibers m tlie superficial hvers 
of the media, but denied tbe existence of n plcxiforni ntraous structure 
tlirougliout the media, ns described b\ IJoockc 

Certain in\ estimators, ineludtnm Glaser (1924) and Okamura (1030), 
ha\e maintained tliat nerve fibers also tenninatc in the intima Others 
particularly Ilirsch, Stohr, Kerper, Hums and Nonidez have been unable 
to substantiate this claim 

The intrinsic innervation of the veins lias been studied less extensively 
than that of the arteries 'ilie data available sugmest tliat the gtneml 
plan of distribution of the nerve com|>oiicnts obscrvc<! m the arteries also 
obtains in the veins, witli such differences as may be correlated with the 
relativ c r itio of imi'>clc to tlic other tmiic elements m the v esseU 



Fiq 43 — Neno m the tncdiaof arm‘>Ilort«r> tiumnn pfirotul cbnd nickhow8k> 

netiiod {Cocke Jour Comp Neur 1W5 ceurlcsj o! Uio TV isMi* InsUlulc ) 

Do Ganglion Cells Exist In the Vessel Walls?— Certain in\ c&tigatorb, 
including (jh«>er (192 1) and Ok imun (1930) ha\ c reported the occurrence 
of ganglion cells in the v\ dls of blood vessels Others observed ganglion 
cells in close proxiimtv to blood vessels, but not within their walls, ui 
various parts of the bodv, particularly the heart and the urinary bladder 
There is no reason to assume that such cells are functionally related to the 
V essel unless perch ince thev represent tlie pcnplieral components of visceral 
efferent chains which terminate in the vessel wall Iheir provimity to 
the V essel probably is purely circumstantial 

Ganglion cells in tlie plevus on the intern d carotid artery probably 
represent cells which were displaced from the superior cerv ical svanpathetic 
ganglion during embry omc dev elopment and are comparable to the neurons 
in the latter g inghon There is no reason to assume that such cells become 
functionallv related to tlie internal carotid arten unless they constitute 
^e terminal links in \ isceral cflerent cliams siipplv ing tins arten The 
fact that such ganglia may become imbedded m the adventitial laver of 
the vessel wall does not neeessanlv indicate a functional relationship to 
the Vessel 

T probably are nomal constrtvientb of the aortic plexus 

Like the major portion of this plevus they usuallv he superficial to the 
aortic wall If any of them become imbedded in the adventitial layer of 
the aorta they probably are not differentiated functionally from the rest 
of the ganglia m the aortic plexus Ihe only known functional relationship 
or autonomic ganglion cells to blood vessels is that of peripheral neurons 
m \ isceral efferent chams 
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Afferent Fiber Tennmations and End Organs —Fiber terminations and end 
organs of considerable aariet\ b'a\e been described in the ad^ent^tn, 
particularlj in the larger artenen and aeins Most of tlieat probabh arc 
receptne organs winch repre-ent the tcnnmal structure^ of in\elinated 
afferent fibers Thes fall roughU mto two cl isscs (1) naked terminations 
consisting of terminal branches or temiinal loops, and (2) encap:5iilatcd 
structurt^ Naked terminations ma\ consist of simple terminal branches 
which end m bulb-hke enlargements, tri.o-likc or brush-likt endings, and 
\eri delicate loop-hke structures which art sometimes relitiieh simple, 
and sometimes InghU complex 'Ihe tree-hke and brush-like endings 
occur aeri commonh m the adventitia of the vtsseK of tlit extremities 
(Hirsch, 192G) and the coronarv arteries (Woollard 1920) Fncapsulatcd 
end organs in the adventitia are abundant and widely distnhuteil Ilirsch 
observed as main is fourteen such bodies m a single section Thev differ 
widelv with respect to size and form, but exlubit the same general plan of 
architecture In general, tlie^ arc composed of lavcrs of spindle-shaped 
cells which are separated from one another bv interlamellar lavcrs of non- 
cellular substance In addition to the terminal loop of the nerv e fiber, the 
interior of such a capsule contains a core of compact oval cells which, m 
Sliver preparations, usuallv appear darker tlnn the surrounding tissue 
Some of these end organs conform to the usual description of Pacinian 
corpuscles Others resemble v cr^ closelv the tvpical end bulbs of Ixrause 
Still others exhibit a structure wlncli niav be regarded as mtermediato 
between these two extremes According to llirsch the encapsulated end 
organs occur onlv in the outer lavcrs of tlie adventitia Itoollard (192S) 
emphasized the possible relationship to the blood v esscls of certain encap- 
sulated fiber terminations situated m the adjacent fattv tissue In some 
instances according to his findings, a mi^ulhted nerve fiber, which 
terminates in the adv entitia bv means of one branch, al'?© terminates in a 
sensorv end organ King in the f ittv tissue adjacent to the v essel bv means 
of another branch Unencapsulated fiber terminations occur in all parts 
of the adv entitia (Hirsch 1920) 

The pressoreceptiv e and chemoreccptiv e vqscular areas exlubit rela- 
tivelj elaborate temimal structuns Sunder-Plassminn (1930) recognized 
afferent terminal structures of two general tvpes in the adventitia of the 
carotid sinus both in man and animals According to his account, those of 
Tv^pe I are characterized bv arborizations of relativelv coarse structure, 
the branches of which end m coarse terminal nets (hig 44) Those of 
Tjpe II are characterized bv more diffuse arbonz itions the branches of 
which are more slender and end in finer terminal nets (Fig 45) Terminal 
structures of both these tvpes, according to Sunder-riassinann, are limited 
to the adv entitia Similar receptiv e end org \ns hav e been described in the 
proximal portion of the aorta bv v arious im estigators, including Katz and 
baphir (1933), Nettleship (1930) and Seto (1937) Less elaborate receptiv e 
Structures have been described in the proximal portion of the pulmonarv 
arten and the carotid and aortic bodies (Xettleship 1936,Nomdez 1935 
1937) ’ ’ 

Nen e fiber termmitions in the media har e been debcnbed b\ relatn eh 
fen im estigators These are mamh the terminations o£ immsehnated 
fibers in relation to the smooth muscle celb According to Glaser (1924) 
whose findings agree in general with those o( earlier ma estimators partic- 
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ularlj Lapmsk\ (1005), blender ^aricobc fibers nrisuiR from tbe plexus in 
the medn ramifj ainonR the muscle fibers nnd Ri\ t rise to short bnnehes 
some of -ttiuch Unniimtc m smoU bulb<likc eiilarRtments on tlic mundc 
fibers, others npp ircnth end m the musculature uitlmut tinnmnl enlarge- 
ments I n addition to the fiber tcnnuntions in direct relation to tlie muscle 
cells, WoollanI (1928) described ntr\e filler tcrinmatioji't in rehtion to 
certain large branching cells which exist in the nudii both in the laigcr 
and smaller ^e^IScls Ihese cells nre not rtgirdwl os nenous elements 
but probahlj are related to the so-c illcel Kouget tells ^\ oolhrd suggested 
that tUe\ ma\ pla\ a pact in xascuhir rcnctious Atconlmg to Docke 



Fio 4A — TerniinaUona of Clwf* of iho caroti I ainus ncr^o la tho wall of llic caroti«l 
Tj’pe I according to Sunder PJassmann (lOSO) « Fmio nerve fiber with tariwulies (h c) 
d coarse unEn)eliDaicdncr>cfiberemereinefroinin}chRehcath a h I I terminal structures 
« tennmalncts {2t-jchr f d scs Anat fourle^j of Julms Springer BerLn) 


(1932, 1933), the functional connections of the efferent ncrie fibers with 
the musculature of the blood xesstls consist ranmlv of verj slender proces- 
ses arising from the intramuscular plexus which penetrate the muscle cells 
and become continuous w ith elements in thtir cj toplasm 
Capdiary Innervation —Neiae fibers associited with capillaries ha\e 
been described repeatedly but there is no general agreement regarding the 
exact anatomical and functional relationships of such fibers to the capillarv 
wall Ner% e fibers m close proximitj to capilhries ha\e been described and 
illustrated b> manj m% estigators but onl^ a few hax e described structural 
relationships which could be interpreted as mechanisms tlirough which 
nene impulses are transmitted to the captllarj walls 
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In a stud\ of preparitions of the huinin he-irt and bladder, Stoehr, Jr 
(1926) obtained results ^hich he interpreted os supporting the assump- 
tion that unmjelmated ner\e fibers not onb terminate on the capillan 
endothelium but frequenth also effect contact ^\ltll endothelial cells 
through enlargements or flattened expansions of the ner^e fibers along 
their courses He ad^anced the opinion that capillaries arc functionalh 
innerxated through specialized terminal structures and modified portions 
of ner\ e fibers hich he in contact ith the endothelial cells but reiterated 
his earlier comiction that the capillaries Tiithm the substance of the 
central nenous s-sstera are de\oid of ner\es, although he had preMOuslj 



Fig 45 —Terminations of fibers of the carotid sinus ncr\e m tho Mall of the carotid sinus 
T>pe 11 according to Sunder Plassmann (1930) E Fine branches with terminal plates 
M unmj elinated terminal portion of a myelinated nerve fiber N branch of 1/ (Ztschr 
f d ges Anat courtesj of Julius bpnnger Berlin ) 


(1922) described terminations of unm\ elinated ner\e fibers on the endo- 
thelium of capillaries in the pia mater 
The nerv e fibers m proximitj to the capillaries he in intimate contact 
^\lth the capillar\ T\all for but short distances rhe\ commonK run a 
some\shat tortuous course, coming in contact i\ith the capillar\ i\all onl\ 
at certain points Not infrequentlj the ner\e fiber is broad and flattened 
at these points and the neurofibnls are more looselj aggregated than at 
other points Stoehr, Jr advanced the opinion that the nerve fibers are 
functionally related to the capillaries at these points of contact and that 
these contacts plav a more significant role in the innerv ation of the capil- 
laries than the specialized nerve fiber terminations Like certain earlier 
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degenention of the fibers of spmM origin following section of both dorsil 
and ^ entnl ner\ e roots heti\ een the spiml ganglion and the communtc iting 
ramus (Ivuntz, 1927), conseqiientK, thea must be regarded as fibers of 
saanpathctic origin rr-i <• * i 

Physiologic Data —Nervous vs Horooral Eegulation — Ihe functional 
control of the blood \cssels depends in part on nerv e impulses and in part 
on the effects of hormones and other substances carric<l in the blood Ihe 
cihber of the blood aesscls must plai an important role in the functional 
state of the tissue or organ supplied b\ a irtue of its effect on the r ite of the 
interchange of substances bctM een the blood and the tissue elements J hi& 
rate aaries both iMth changes in the \olume of blood m the tissue and 
changes in the rate at v,hich the blood flovis The aoluinc of blood sup- 
plied to an organ in a gia cn unit of time must a arN directlj la ith the c ilibcr 
of the a esscls That the caliber of the a esseU siipph mg an organ iivualK is 
increased while the organ is phasiologicalla ictia e and diminished aahile it 
is at rest is a fact of common obseraation To what extent these changes 
depend on nerae impulses and to aahat extent thea represent the direct 
effect on the blood acsscls of products of metabolism arising due to the 
actiaita of the organ is not known Tlie aascular dilatation obseracd m 
actiae organs usuaWa inaolaes the capiUanes to a greater extent than the 
arteries and \eins The changes in caliber which the capillaries undergo 
under normal phasiological conditions are due in part to ncrat impulses 
and in part to other influences Direct re^ponse^ of capillaries to ncr^e 
stimulation cannot be denied 

The a asoconstrictor mechanism probabla plaas a dominant role m the 
neraous control of the blood acsscls Inasmuch as the s asoconstrictor 
fibers are conaeved to the blood aessels in the same neraes aahich also 
conaey other fibers, the effect of impulses conducted ba the other fibers is 
not alwajs apparent when the nerac trunk is stimulated lor example, 
stimulation of the fibers supplj ing a gland maa inhibit secretion due to the 
constriction of its blood aessels elicited ba stimulation of the aasocon- 
stnetors, eaen though secrctora impulses are reaching the gland cells On 
the other hand, changes in the caliber of the blood a essels maa follow 
stimulation of a nera e, thougli quite mdependentla of a asomotor impulses 
For example, stimulation of a nera< supplaing skeletil mu'scle usualla 
results in dilatation of the blood aessels in the muscle ba airtue of the 
effects of metabolic products arising as a result of muscle contraction If 
the muscle is curirized so that the motor terminations are paralazed 
stimulation of the nen e is followed bx little or no dilatation of the blood 
aessels Dilatation of blood aessels which follows nerae stimulation is in 
mana cases onla indirecth dependent on nerae impulses, con'sequentJa , it 
does not in such cases demonstrate the existence of aasodilator fibers 
Most arteries and aeins probabla are supplied with both a asoconstrictor 
and a asodilator nen e fibers 

Vasomotor Nerves — Vasoconstrictor actia ita is mediated mamla through 
the sjanpathetic nenes This is eaidenced h} the fact that all arteries 
and a eins, w ith few possible exceptions, constrict m response to stimulation 
of their sa^pathetic neraes Since, as pointed out aboae nerae fibers 
extending from the plexuses on the aorta along the peripheral arteries plaa 
no part m the mnen ation of the distal portions of these arteries, the 
a asoconstrictor fibers must be conaejed peripheralw ard maml> tlirough 
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the somitic ncncs, ami reach the ptnphtnl aessch through rami which 
jom them at mtcrv n!s tliroughout tliur entire extent 
When the \aso<onstnctor fibers suppKing a gj\cij area arc se\er(Kl the 
blood xesbcls in this area iinincfhntcU diJate 'ibis result probablj is due 
to the renio\ al of tome impulses which iionna!!> flow out to the a cssela in 
a more or less constant stream am! inflintam the musculature of the a cssels 
m a state of tonus After an intcrc a! which \ ones m different animals ami 
at different times m tlic same nmma! ac»scU deprived of their vasocon- 
stnetor inricrv atioii regain tonus in some degree and maj become actuallv 
smaller in caliber than the nomm))> innervated vessels of the opposite 
suit-, even before regeneration of the vasoconstrictor fibers could have 
taken place Smet tlierc arc no ganglion cells along the walls of the per 
ipherai arteries, it must bo assumed that the musculature of the vessels 
dtv tlops a certain degree of tonus iti the absence of nerve impulics, pmb- 
ahlv due to a reaction of the musculature of tlic vessels to v asoconslnctor 
substances m the blood If onh the preganglionic fibers art cut, leaving 
the svTnpatlictic cells and fibers intact, tlic vessels regain tonus more 
promptlv tlian if the postganglionic fibers arc severed (Ifoshamcr, I02o) 
This ob ervation suggested to Schilf (1920) that the ganglion cells exert 
some influence on the musculature of the vessels even in the absence of 
preganglionic connections Vasoconstrictor substances such ns adrenm 
circulating m the blood undoubtedh pinv a r6le in the restoration of 

V ascular tonus follow mg section either of the preganglionic or postganglionic 

V asomotor nerv c fibers \lthough tonus is restored more promptlv follow* 
mg section of tlie preganglionic fibers, the tome reacliou of the vascular 
musculature to adrenm m the circulating blood is more marked following 
section of the postganglionic fibers 

Stimulation of a peripheral nerve winch includes both v nooconstrictor 
and vasodilator fibers, under certain conditions, elicits not constriction but 
dilatation of the vessels affected If, for example the sciatic nerve is cut, 
stimulation of its pcnplicral end commonlv elicits v asoconstriction through- 
out the portion of the limb affected If, after several dnvs, the peripheral 
end of the sciatic again is stimulated, the observed result mnv be vasodil- 
atation and not vasoconstriction It haa been assumed that this result is 
due to the fact that the v asoconstnetor fibers undeigo degeneration more 
rapidly than the vasodilator libers Titese results not onK suggest a 
method of investigation b> which the disU^ibution of vosoddvtor fib^can 
be determined but also indicate an inherent difference in the vnsocon 
strictor and vasodilator fibers 

Central Vasoconstrictor Pathways — Tlie preganglionic vasoconstrictor 
fibers, as stated above, emerge from tlie spinal cord m tlie thoracic and 
upper lumbar regions Impulses conductetl bv these fibers exert a constant 
tonic influence on tlic blood v esscis If the spinal cord is transected in the 
cerv ical region, the blood v essels at once lose tonus and become markedb 
dilat^ particularly in the splanchnic and cutaneous areas The tonic 
im^lses. obviously are conducted downward from the brain stem 
The vasoconstrictor center mav be stimulated reflexly by afferent 
impulses conducted by sensory components of any spinal nerve and certain 
of the cranial nerv es On the basis of experimental studies Hanson (1916) 
out that afferent impulses which initiate pressor reflexes are con- 
ducted by fibers which enter the dorsolateral funiculus of the spinal cord 
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through the lateral di\isioiis of the dorsal ner\e roots, run but n short 
distance in this funiculus and prohabh terminate in the substantia gel- 
atmosa in the dorsal gra^ column Ihe pressor impulses probablj are 
conducted upiiard in the cord through a series of short fibers iihich take 
origin in the substantia gehtmosa and run m the dorsolateral funiculus 
The% are conducted upnard on both sides but somenlnt better hoin- 
ohterilh Ihe corresponding efferent spinal lasoinotor pathuais arc 
locatetl either m the a entnl or lateral funicuU 1 he> arc not interrupted 
b\ section of the dorsil funiculi and the dorsal grai columns In man, 
according to Marquis and lYilInnis (1938), somatic afferent impulses uhich 
elicit reflex \ asomotor responses are conducteil npn ard in the spinothalamic 
tracts The \ asomotor reflex arcs arc complete in the brain stem below 
the thalamus Vasoconstrictor reflexes also arc earned out through 
reflex centers m the spind cord (Ranson and Bilhngslei, 1910, Brooks, 
1933) 

The differential effects of reflex x asoconstnetor stimulation support the 
assumption that the neurons m different parts of the xasoconstnetor 
center are connected, bj definite aggregates of fibers, with the \asocon- 
strictor neurons which supplj xarious regions of the bod\ For example, 
some of the neurons control the actixities of the xcssels of the skin, others 
are concerned with tho^e of the xessels of the splanchnic area The 
neurons in different parts of the center apparently may also be acted upon 
sep irately, at least under normal physiological conditions 

Vasodilator Nerves —Certain parasyonpathetic nerxes are known to 
include x asodilator fibers but a general distribution of such fibers through- 
out the parasympathetic system is not unixcrsally conceded Stimulation 
of the chorda tyonpani elicits x asodilatation in the tongue, indicating the 
existence of x asodilator fibers in the nerxes arising from the submaxillarx 
ganglion (Anrep and Exans, 1920) Physiologic data also indicate the 
existence of preganglionic vasodilator fibers in the glossopharyngeal and 
the sacral parasympathetic nerxes Conclusive evidence of the existence 
of vasodilator fibers in xarious other parasxTnpathetic nerves is not forth- 


coming 

Certain experimental data have been interpreted as evidence of the 
existence in the dorsal roots of the spinal nerxes of fibers which conduct 
vasodilator impulses Strieker (1876) observed vasodilation and a rise of 


temperature in the dog s foot in response to stimulation of the distal ends 
of the divided dorsal roots of the sixth and seventh lumbar nerves This 
observation was corroborated by Gartner (1889), Morat (1892), Worziloff 
(1896) and other more recent investiguton> Bavhss (1901) reported 
marked dilatation of the blood vessels of the hind limb m response to 
stimulation of the dorsal roots of the fifth, sixth and sev enth lumbar and 
first sacral nerves Since he could observe no degeneration of fibers in 
these nerves following section of their dorsal roots proximal to the spinal 
ganglia but did observe fiber degeneration following removal of the spinal 
ganglia, he advanced the opinion that the vasodilator fibers m question 
are not true efferent nerve components but are identical with sensory 
components and subserve vasodilatation by virtue of their capacitv for 
antidromu conduction On the basis of further experimental data, he 
concluded that vasodilator fibers to the fore limb of the dog traverse the 
dorsal roots of the SLxth, seventh and eighth cervical cind first thoracic 
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causes dilatation of the minute blood \ essels w itli which it comes in contact 
and acts as a persistent stimulus to the sensors endings The impulses 
engendered m the sensors endings tm\en>e collateral branches of the 
sensors fibers and act upon the arterioles thus liberating acetsicholine as 
the effectue sasodihtor substance The blood flossing through senseis 
sshich are under the influence of antidromic stimulation also acquires 
sasodilator properties (Kibjakow, 1931) 

Langles advanced the theorv that antidromic impulses affect partic- 
ularls the smaller arteries and capillaries lie did not belies e that thes 
affect the arterial musculature directls but maintained that either the 
afferent fibers sustain some peculiar relationship to the capillaries or v aso- 
dilatation, follossing stimulation of the antidromic fibers, an indirect 
result of nerse impulses Bashss e>q>r05scd the opinion that afferent 
fibers bifurcate near the periphers and that one branch terminates m 
sensors end organs in the skin or muscle sshile the other terminates in 
the musculature of an arteriole Neither of these s less s has found anatomic 
aerification The Mess that nerse fibers gne rise to terminal branches 
sshich differ functionalls furthermore is not in harmons ssith current 
phssiologic concepts of tlic neuron Data arc not ss anting sshich seem to 
indicate quite clearly tint impuKcs rccciscd at the periphers mas be 
conducted centralss ard to the location of the assumed bifurcation and from 
that point sn the sa-scuhr branch to a blood s easel m sshich thes elicit 
dilatation Stimulation at the penphers also mas elicit local sasodilata- 
tion esen after section of the afferent fibers provimal to tlic location of the 
assumed bifurcation It ^cems not improbable that local erslhemi mas 
insolse a periplieral mechanism of tins kind 

In spite of the csidcnce m support of tlie tlieors of the antidromic 
conduction of sasodihtor impulaes the opinion that sasodilator fibers 
sshich emerge througli dorsil spina) nerse roots arise from nerse cells m 
the graj matter in the spinal co^ has been ads anced repeatedls \mtom- 
ical proof of the existence of eflcrent fibera m the dorsal nerse roots, 
hosseser, is not forthcoming 

The concept of ssonpathetic sasodilator nerse fibers is not ness but it 
has plaved no significant role m phssiologic teaching regarding sasomotor 
regulation until rehtisels recentls Dastre and Moral in 18S0 obsersed 
dilatation of the s essels in the buccal cavits, the mucous membrane of the 
palate, gums and Ups and the skm of the Ups and cheeks in response to 
stimulation of the cers ical ss mpathetic trunk in the dog The tongue and 
the ear simultaneousls became pale due to s asoconstriction I angles and 
Dickinson (1890) reported similar effects of cersical sv mpathetic stim- 
ulation 

Dale s (1906) classical account of the action of ergotoxme has an im- 
portant bearing on the concept of ss mpathetic s asodilators He obsers ed 
that the purels inhibitors effects of ss mpathetic stimulation are unaffected 
bj this drug sshereas motor effects are either abohshe<l or resersed He 
ads anced the conclusion that when motor responses are abolished bs 
ergotoxme the mnersation is purels motor, but when motor responses are 
res ersed the ssonpathetic siippis includes both motor and inhibitors fibers, 
and that the reversal is due to panhsis of the motor component After 
the administration of ergotoxine m his experiments, either stimulation of 
the splanchnic nerves or injection of adremn resulted in a fall in blood 
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pressure lie tliereforr, concluded tint the ‘^^Tupithctjc ncr.es in t^uestion 
include 1 isodilrttor fibers u Inch nrenonnall^ masked b\ tlioasoconstnctor 
hbere 'Ilmt the depressor notion of splanchnic stiinuhtion was not due to 
jibcntjon of ndrtnm is iiidicAtcd h> the results of inter expenments (Dale 
1913) m which stumilntion of the splanchnic nerves, after full doses of 
ergotoMne, produced slight depressor clTects m ndrennlcctomized animals 
Pierce (1913) obscrv cd in perfusion preparations that ndremn produces an 
effect similar to that of crpotoxinc noted above when the perfusion liquid 
contains no caknim Pnucrnnil rrolilicli (lplS)advnncc<l the theorv that 
dilatation of the vessels, in such experiments, is elicitc<l bj stimulation of 
% asodilator fibers follow lUR panlv sis of the v nsoconstrictors bv tlic action 
of the drugs cmploved Seliilf, Feldbcrg and Hahn (I92G) also elicited 
dihtalion of perfuawl vessels bj svmpatiietic stimulation following the 
administration of ndremn in appropriate iloscs 
Weak electrical stimulation of the splanchnic nerves mav result in 
dilatation of the corresponding vessels in the absence of paralvsis of the 
constrictor nerv e endings 1 his effect probahl> is due to the discharge of 
adrenin in minute quantities (Cannon and I>vman, 1913) and cannot be 
regarded ns proof of the cxisttncc of vasodilator fibers m tlicsc nerves 
The V asodilator action of ndremn in minute doses was first desenbed in 
the dog bv Moore and Purinton {19(X)) Tlie rev ersal of the norma! action 
of ndremn b\ admini'.f ration of ergototme ns obscrv cii bv Dalt, supgcst^I 
that the tw o dilator effects nmv be identical m character ami that the action 
of adrenin m small doses, in the absence of eigotoxmc, might indicate the 
distribution of vasoihhtor nerve fiber. Hartman (1915) atlvanccd exper 
imental data in support of the assumption tlmt m the cat n dischaigc of 
adrenin normallv produces constriction m the splanchnic vessels nnd dil- 
atation m the peripheral tircuHtion Ihc peripheral dilatation according 
to Hoskins Gunning and licrrv (1910), takes place in the inusclci rather 
than m the skin RoscnbUicth nnd B Cannon (1933) also reported exper- 
imental dvti which indicate that, m the cat vnsodilatntion m response to 
adrenin w small doses occurs more mddv m certain parts of the muscular 
sjstem and the skin than m the mtostinc 
The effect of adremn on tlie intestinal v csscls according to Goetz (1939), 
varies with the dosage cmplojcd Minute doses result m increasing the 
flow m these vessels Larger doses cause a feeble and transient carl) 
constriction followed hj prolonged dilatation Goetz detected no relation 
of the effect of adrenin on the intestinal v cssels to tiic course of the blood 
pressure response On the basis of his experiment'., he advanced the 
opinion that adrenin acts as a blood distributor rather than as a blood 
pressure augmentor hormone Tlie intestinal vessels obvious!) do not 
contribute matcrialK to the rise in blood pressure following the injection 
of adrenin Neither is this nse due solely to constriction of the cutaneous 
vessels but maml) to increased cardiac activitv 
In rats under uretliane anesthesia, Mionan nnd Turn Siiden (1932) 
observ ed a depres^r action of adrenin iti small doses on!) in the absence 
of the adrenal medulia but after the administration of cocaine this action 
was rwersed (Wj-man and Turn Suden 1035) Uter exclu&ion of the 
splanchnic circulation the pressor effect of atlrenin in larger doics was 
reduced Afti-t adimnistration of er^otoxine the action of adrenin was 
rcvcrbcd and the depressor effect was not altered b) exclusion of the 
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sphnchnic vessels (\\yman nnd Turn Suden, 1930) Thej conclud^ on 
the basis of these experimental data that in the rat \ asoconstnctor fibers 
are more abundant in the splanchnic area than in the skeletal muscles and 
the skin and that aasodilator fibers are umformh distributed in both 
systems In experiments on the cat reported b\ Clark (1934), intra- 
arterial injections of adrenm {0 05y) resulted m increased outflois of 
blood from the aeins of the leg muscles and constriction of the cutaneous 
\essels Bulbring and Burn (1936) recorded an increased outflow from the 
saphenous xein m dogs under ether but pointed out that this maj ha\c 
been due to xenous constriction rather than arterial dilatation, since the 
outflow was not increased h\ adrenm m any dosage following the admin- 
istration of ergotoxine In experiments on dogs reported bj Bern and 
Schneider (1931) and IMertens, Rem and Valdecasas (1930), adrenm 
injected intrax enoush caused an initial increase m the flow of blood fol- 
low ed b> a decrease m resting muscle but, during muscular contraction 
when the blood flow was increased, adrenm caus^ onU a slight further 
increase In a somewhat similar mx estigation, Bulbnng and Burn (1938) 
obserxed that adrenm injected intra-artenall} m muscles of the dog’s 
hind leg perfused with defibnnated blood caiis^ diminution of the inflow 
during prolonged tetanus as during rest but in a lesser degree In Clark’s 
(1934) experiments on cats, adrenm m small do«es injected intra artcriall> 
alwaxs resulted m x asoconstnction m the int^tme, but after administra- 
tion of ergotoxine it resulted in x asodilatation in the intestine Burn (1930) 
reported xasoddatation in the intestine of the dog due to adrenm injected 
intrax enouslj or mtra arteriall} both before and after administration of 


ergotoxine 

Lewis and Pickering (1931) haxe adxanced certain experimental data 
which seem to proxe the existence of xasodilator as xxcll as x asoconstnetor 
fibers m the sjanpathetic nerves in the extremities m man The> dexised 
an experimental procedure in which xasoddatation in the hands was pro- 
duced bj raising the temperature of the bodj In order to eliminate the 
direct effect of heat on the hands, the subject was seated in a warming 
chamber arranged so that the head and neck and the hands were unin- 
closed B> this means the temperature to winch the bodx is exposed maj 
be raised to anv desired degree while the hands are exposed to room 
temperature If a large rise in the skm temperature of the hands is desired, 
It is essential to start w ith the hands cold, t e , the room temperature must 
not be aboxe 14® to 16° C If the room temperature is 18® C or oxer, the 
hands usuallx are warm, and further warming of the bodj does not result 
m a considerable rise in the skm temperature of the hands 

In experiments reported bj Hibben and Landis (1932), immersion of tlie 
forearms of normal subjects m warm water (43® to 45® C) resulted in 
xasoddatation m the lower extremities Immersion of one forearm or one 
leg in XX arm water also resulted in xasoddatation in the other extremities 
The risein the skm temperature of the toes became apparent w ithin fifteen 
minutes after immersing the forearms The xasodilator response, m these 
e^enments, apparent! j depended on the return of the w armed blood from 
the immersed extremities 


UTen the extremities of normal subjects are naturallv cool, according 
to Pickering and Hess (1933), xasoddatation m response to warming the 
bodv becomes exident in the fingers earlier than m the toes In some 
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elicits 1 rise ^ trj '\\eik stimuhtion of in\ 'ifferent nerse, except perlnps 
the sphnchnic, ‘ilmost imarnbl^ elicits depressor reflexes, while strong 
stimulation of anj afferent ner\ e, except the so-called depressor neia e and 
the carotid sinus neia e, elicits pressor reflexes These facts ha\ e gia en rise 
to the assumption that there are two kinds of afferent \asomotor fibers 
which ha\ e been called pressor and depressor ner\ e fibers respecti\ eb 
The difTerencts in the ^asomoto^ responses elicited b\ weak and strong 
stimulation of afferent neiaes, according to Ranson and Rillingsle\ (1916), 
can readiK be explained b\ the difference m the resistance to afferent 
conduction offered b^ the respectn e central pathw a^ s empIo\ ed Accord- 
ing to their findings the depressor impulses are conducted upward in the 
^entral parts of the lateril funicuh of the spinal cord through paths com- 
posed of long fibers with few relax s, whereas the pressor impulses are 
conducted upward at the apices of the dorsal gra\ columns through paths 
composed of short fibers w ith frequent relax s The resistance of the latter 
pathw ax s is rclatixelx high as compared with that of the former AAeak 
impul'ses reaching the spinal coni art conducted upward in the depressor 
path and result in xasodilatation and a fill in blood pressure ^^hethe^ 
thex also inhibit the tome action of the xasoconstnetor center is not clear 
^\ithin a certain range of stimulation, constriction and dilatation balance 
each other with little change m pressure \ asodilatation probablx is 
masketl rather than inhibited \s stimulation becomes stronger, impulses 
ascend m the pressor paths in sufficient xolume to bring about xasocon- 
stnction and a consequent rise in blood pressure It is quite unnccessarx 
to assume inhibition of a xasodilator center in anx ca«e, since the action 
of the X asoconstrictor fibers is more powerful than that of the x a'^odilators 
Stimulation of the tngeniinal nerxe elicits xasomotor reactions compar- 
able to those elicited b\ stimulation of the spinal nerxes Tins nerxe 


contains •somatic afferent fibers whose central connections are comparable 
with those of the somatic afferent fibers of the spinal nerxes Its pressor 
and depressor reactions, therefore, can be explained on the same basis 
The pressoreceptix e mechanisms associated with the cardio-aortic zone 
and the carotid sinuses plax a peculiarlx significant roll m the cardio- 
xascular regulation When the endoxascular pressure rises m the left 
X entricle and the arch of the aorta impulses conducted centralw ard m the 
depressor nerxes elicit reflex slowing of the heart and peripheral xasodila- 
tation ^Mien the endox iscular pressure falls the pressoreceptors in this 
area are no longer stimulated consequentlx , the cardiac rhx- thm xs acceler- 
ated and peripheral x asoconstnction takes place These reflex reactions 
tend to maintain normal blood pressure Likewise xariations in the 
carotid sinus zone result in immediate cardiox ascular reactions A rise m 
the endox ascular pressure in this zone elicits reflex slow mg of the heart 
and a fall m blood pressure m the general circulation Conx erseU reduc- 
tion in the endoxascular pressure in the carotid sinus results in cardiac 
acceleration and a general rise in blood pressure 
In experiments earned out to determine w hether carotid sinus reflexes 
pax a pirt m xasomotor regulation when the sxstemic pressure is low 
M found that, m dogs under chloralose anesthesia, low enng 

o the blood pressure to sustained low lex els of 45 to 70 mm of mercurx 
e veils no pressor actix itx m the carotid smuses Such actix itx , if present 
ould be indicated bj a fall m blood pressure when the carotid sinus nerx es 
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arc cut In ton of fifteen e\pcninents, cicncnntion of the carotid sinmes 
uhilc tlicsjstcimc bIoo<l pressure a%nsnt a sustiiine<l lo^^ lc\cl rc3ultc<l ma 
gradual rise in pressure, indicating the presence of depressor nctiMtj at tlie 
time of dcncr% ition 

Jhc pulmonary acins, tlic \enrc ca\rc and tlic right atrium constitute a 
prcssorcccpUsc rone scnsiti\c to changes in venous pressure Cxpeti 
mental data reported bj Bainbndgc (lOlfi) and MtDowal) (1931) support 
the assumption tint reilcxcs initinto<l m tins 7onc hj changes in venous 
pressure im\ ph\ a role in the regulation of canine rlu thin and vascular 
tonus 

stimulation of receptors in the piilmonnrv nrtcr> bv incrcnc<l pressure 
in the puhnonirv arlcnnl svstcin, according to Sclmcigk (1915), results in 
reflex bradvcardia and arterial vasodilatation lyivvtring of pulmonarj 
artcrml J>rc^sure results in carthac nccckration and incrtascil arterial tonus 

Certain c\*ponmcntnl data rcportwl b\ lIcvTiians el nl (193G) indicate 
that the vascular area comprising the cclnc and mesenteric arteries nlyi 
max be regarded as a prcssoreccptivc 70iic lliev observed proprioceptive 
regulation of v ascul ir tonus in spin d dogs bnnight about through pre^s(>- 
rcccptivc reflexes originating mainlv in the organs supphcil l>v the ctliac 
and mesenteric arteries and sccondanlj in the area of distnhution of the 
thoracic arteries llic mesenteric pressoreceptors probihlv arc inainU 
racinian corpuscles (Gannon and Bronk 1915) 

Since pressorcceptiv c zones are known to exist in these sevcnl vascular 
ireas the question arises arc all blood vessels endowed witb pressore- 
ceptors’ 1 he ax ailable experimental data suggest a nepitiv e nnsw cr The 
general vascular tonus is regulated through reflexes initmteil in pressore- 
ceptors m certain well localized areas the carotid sinus and the cardio- 
aortic X eiio-atnal, pulmo-artcrial and thoncosplanchnic zones, I \ idcncc of 
the initiation of similar reflexes in other vascular arc is is not forthcoming 
Bj the use of a billoon in tbe larger blow] vessels Knap (1929) elicited 
reflex changes m blood presburc bj changes in the internal pressure m the 
arch of the aorta and the carotid sinus but not in other parts of the large 
vessels In experiments reported bj Ixnt? and Snphir (1933), stimulation 
of the aorta and pulmonarj arten except in the region of the plexus m 
which the depressor nerve tennmates faded to elicit reflex changes either 
m blood pressure or heart-rate A decrcise in blood pressure in other 
vascular areas maj elicit local or regional vasomotor reactions which are 
not m\ olv ed in the pressoreceptiv c regulation of the general blood pressure 
Chemoreceptive Reflex Mechanisms —The distribution of chemoreceptors 
and pressoreceptors overlaps in the cardio aortic zone but neither kind of 
receptor la equallj abundant throughout the entire zone The proximal 
portion of the aorta and the idjacent areas comprise mamlv pre^^sore- 
ceptoTS the carotid sinuses and the rarotid and aortic bodies raainlv 
chemoreceptors The chemoreceptors connected with the carotid sinus 
nerv e consequent^ , exceed the pressoreceptors connected w ith this nerv e 
w liereas the pressoreceptors connected w ith the v agi exceed the cbemore- 
ceptors Chemic vl stimulation undoubtedlj plaj s a more significant role 
in reflex v isomotor regulation through the c irotid sinus nerv cs than 
through the v igi (Bouckaert et al 1938) Increased activ itv of the theino 
receptors results in increased activ itj of both the v asoraotor and respir- 
atorj centers Decreased activ itj produces opposite effects The increased 
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of the centers is due to the posituc stnnuhting effect of ne^^e 
impulses reaching them from the chemoreceptorb through the correspond- 
ing afferent ner% es In summarizing the experimental data bearing on the 
nature of stimuli to ^^hlch the chemorcceptors respond, Schmidt and 
Comroe (1940) pointed out that the results obtain^ h\ all ^ho ha^e 
acquired the requisite technic m this field of in\cstigation support the 
conclusions of He\mans et al (1930, 1933) that these end organs are 
normalh stimulated m unh h\ a fall m pH a ri‘'e in CO tension and 
anoxemia The stimulating effects of anoxemia on both circulation and 
respiration probabI\ are due mamh to reflexes initiated m the cliemore- 
ceptors (Schmidt and Comroe, 1940) Direct effects exerted on the ^aso- 
motor and respIrato^^ centers ire not precludcil but the threshold of 
stimulation of the chemoreceptors b\ anoxemia is loner than that of the 
centers Stimulation of the chemoreceptors bv anoxeini i also elicits more 
rapid and more \ igorous responses than those resulting from central 
anoxemia Excessn e CO tension on the contrarN , exerts its influence on 
blood pressure mainU through its stimulating effect on the \asomotor 
center (Lambert and Gellhorn 1938) 

Reflex Regulation o£ Blood Pressure —The blood probabU neier is dis- 
tributed umformh throughout thebod\ hut isprc'Cnt in ani giien region 
in greater or les''er abundance according to the requirements of the organs 
and tissues in question or the m unten mce of con-'tant bod' temperature 
binder changing conditions particular!' of external temperature, consider- 
able lolumes of blood are disphceel from the peripberil to the splanchnic 
area and iice rerta \\3icn the external temperature is loi\, the lohime of 
blood circulating iii the peripheral \cs^els is grcith reduced m order to 
pTe\ent too great loss of heat, and that circulating m the splanchnic 
'essels IS corresponding!' increased On the contran, when the external 
temperature is high the a oluim of blood in tlie peripheral \ essels is in- 
creased while that m the sphntlinic \es-'Cls is corre&pondingl' decreased 
The nutnti'e requirements of the tissues under changing conditions aho 


necessitate changts m the distribution of the blood For example the 
'olume of blood circulating tlirough the skeletal muscles is marked!' 
increased during muscular exerci'^e 

In experiments carried out on human subjects Uam and Smirk (1937, 
1938) demonstrated a blood pressure r using reflex elicited b\ the stim- 
ulating effect of metabolites liberated in skeletal muscles during muscular 
exercise The' regarded this reflex as a phxsiologic deMce to insure an 
increased blood suppK to the actue muscles Exercl^e of a limited group 
of muscles inai nsult m an appreciable rise m blood pressure ^ igorous 
exercise of the whole bod\ results in a greater rise If the accumulated 
metabolites are retained in the muscles, b\ arrest of the circulation, after 
the exercise of am group of large muscles c j , the leg museks, the cardiac 
acceleration and increased blood pressure are maintained abm e normal as 
long as the escape, of the stimuhtmg metabolites is preiented The reflex 
rise m blood pressure, does not depend wholh on the bulk of the artii p 
r".,lh c, " of the h^d or faje™ 

lUs TliP ocil ' asodilatation m actn e muscles is not mediated throueb 
the sMiipethetic ner\ea but is due to the direct stimuhtinc effect of the 
ucciuuuhted metubohtes (Grunt 193S) Suatuined tntructaf of 1 
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muscles compresses tlic ^ esscls but does not prc\ ent tlicir dilution ind an 
mertssed flow of blood tlirou^jli tin, muscles After txcrtisc of nn> group 
of muscles the flow of blood is still further incrcnscil, the degree of tlie 
resulting hjperemm und its dumtion is determined 1)% the Mgor of the 
exerci'^e and the length of the mt<.r\ftl during which it was maintained 
The administration of adrenm m sinnll doses, according to Grant and 
Pcirson (1938) ciuscs an increase m the flow of hlood m the human fore- 
arm and leg and an increase in the limb aolumc due to \asodi!atation in 
the xoluntarj muscles 'Ihc \asodilator clTcct of adrenm, m their exper 
imcnts, was increased after s\ mpatbectomj 
Iho maintenance of constant bloml pressure during the ralistnbution 
of the circuhting hlood and the loss of bloinl h\ liiinorrliage itiNoUes 
rairked \ xsocoiistnction m extensive vascular areas and changes m the 
volume of certum organs, particnlarlv the spleen and the liver The 
spleen, according to Ilarcroft and Stephens (10J7), plivs an inijjorfnnt 
role both m the redistribution of the circulating hlood and the maintenance 
of constant hodj temperature 'I hev demonstriitwl a rixluction m the size 
of the spleen to one-third its mitml v oliimc during muscular exercise and a 
still greater rexluctum during severe hcinorrhage Ihe volume of blood 
squeezed out of this organ in exiienment d ammiils according to their 
observations) mav c<iual one-fifth of the volume of the circulating blood 
According to II ireroft and Mwimaru (1912), the unthil itorv waves of blood 
pressure which ordmanlj have a duration of about fortv five seconds hut 
varj from twcntv-fi\c seconds upwanls, arc due mamlv to the rhjthmic 
contractions of the spleen 1 he liver under certain conditions also under 
goes reduction m si7c, consexjuoutiv releasing hlood into the general 
circulation According to Grab, Janssen anti Kern (1D29) the liv cr, under 
the action of adrenm nnv release a volume of hlood exjual to one-half its 
normal size Bv reason of their cipacitj to undergo chinges in size, the 
spleen and liver mav be regartictl as reservoirs of blood which mav be 
added to the circulating blood wlicncvcr the necc'ysitv arises The reduc- 
tion in the size of the spleen is brought about bv contraction of its own 
musculature under the influence of nerv e impulses The reduction in the 
size of the liver, according to Rein and Roszlcr (1930), is conditioned bv 
constriction of the splanchnic v essels, resulting m diminution of the v olume 
of blood entering the liv cr through the portal v em In experiments re- 
ported bj Lekhardt (1935), splanchnic stimulation resulted m an increase 
in the outflow into the v ena cava but a decrease m the flow of blood into 
the h\er Inasmuch as the outflow from the liver is not impeded the 
V olume of blood in the liv er is diminished and the organ is reduced m size 
Vasoconstriction accompanjmg the loss of blood does not take place 
equally throughout the bodj but usualb is more marked in the splanchnic 
than m the peripheral area R« in and Roszler (1930) also pointed out that 
vasoconstriction associated with diminished blood volume is most marked 
m the vascular fields m which the vessels alreadv are constricted m the 
interest of temperature rtgulation, whereas a lesser dtgree of vasocon- 
striction takes place m fields in which the vessels are dilated in the interest 
of temperature regulation Thev pointed out that the responsiv eness of 
the peripheral blood vessels is conditioned, in a large meisure by the 
external temperature and that measurable variations m blood pressure 
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afford no index of the clnnpeb m the distnlnition or the \olume of tlic 
circuhting hlood ^\hich nn\ be tnking phcc 
The hepatoportal s\stem, including the h'cr spleen and intestinal tract, 
constitutes the most extcnsi\e and significant blood reseiaoir in the bod\ 
and probabl\ plaNS an important role m all large cl^clllator^ adjustments 
In an experimental stud\ of the responses of this sjstein to aarious drugs, 
Katz and Rodbard (1939) ha\e attemptefi to anal^/e its effect in the 
regulation of the circulating blood aoiunic, \enoiis return and the re<Iis- 
tribution of blood llieir findings indicate that constant and ^arMng 
shifts occur in the \arious parts of this s\stcm c^en during ordmarv 
activities the integration of which pi i\s an important role in the coordin i- 
tion of the peripheral circulatory appantus in response to the require- 
ments of the moment It constitutes a rcserv oir of large capacitv w Inch is 
delicatelv attuned particularh to the regulation of tlie circulating blood 
volume and the venous return to the heart ^ihe liver alone mav liold as 
much as 25 per cent of the total blood volume and the prcportal be<l, 
including the spleen and the intestinal tract, another 30 per cent Circula- 
tion, therefore, is not ncccssarilv controlled b\ the heart Lnder a wide 
V anetv of circumstances the reactions of the hepatoportal sv stem undoubt- 
edlj exert the major controlling influences 
In experiments rcporte<I hv Rem (1043), occlusion of the hepatic arten 
in the dog resulted in immediate v isomotor throttling of the celiac and 
superior mesenteric arteries Ihis reaction was interpreted as a reflex 
response to stimulation of pressoreceptors in the hepatic arterv winch is 
carried out through spinal reflex centers and limited to the gastro-entcnc 
vessels It IS independent of other prcssorcceptiv c meclianisms but is 
augmented by simultaneous carotid sinus stimulation and oxv gen dcficiencv 
and extinguished by pulmoiiarv livpcrvcntilation It probablv represents 
a protective reflex winch tends to maintain an adequate arteriovenous 
pressure gradient within the lucr These experimental findings support 
the hypothesis that the v asoraotor hepatic arterv reflex results in a certain 
degree of antagonism between the blood flow through the hepatic arterv 
^d that through the arteries winch supplv the gastro intestinal canal 
Ihe latter vessels, therefore, mav be regaled as constituting a collateral 
vasoconstrictor zone for the arterial supplv to the liver The response of 
the gastro intestinal vessels is elicited mainly bv lowering of pressure m 
the hepatic arterv, which mav be caused or augmented bv oxygen de- 
uciencj This reflex, therefore, need not be regarded as a compensatorv 
reaction which tends to maintain the general arterial pressure It probably 
serves primarily to insure an adequate oxvgen supplv to the liver and aids 
m regulating the distribution of blood locallv 

experimental studies earned out on dogs, Chauchard, 
nauchard and Barrv (1931) reported that hemorrhage results in modifica- 
lon of the excitability of the inhibitory mechanism of the heart and the 
vasomotor mechanisms The chronaxie for all the reactions tested in their 
experiments w as increased by loss of blood to an extent w hich w as roughlv 
proportional to the seventy of the hemorrhage Restoration of the blood 
defibrination, resulted in almost complete restoration of the 
citabihty of the mechanisms in question to its former lev el Temporary 
excitabihtv of these mechanisms also could be brought 
out by mjection of a saline solution 
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Uhc r'lte "it ^^luch the blood is propcllwl through tlic circulatorj sjbtem 
depends m a large measure on the rUc mul force of tlic t mime contractions 
and the caliber of the blood acsstls, partitularl} the terminal artcriei and 
arterioles The fact th it adrtnm folloa^mg the ndmmistntion of atropine, 
causes a reduced flo^ of blood in apitc of a rapid he irt hut results m a small 
central blood a olumc and liastciw the a dot it\ of the circulation, according 
to Hamilton (1932), indicates that the a olumc of flow is a function of the 
peripheral aasoconstriction and lliat the central active blood aolume and, 
m pirt, the circulation tunes arc functions of the Ciinhac rh>thm Hus, 
m turn, is the resultant of the functional Inhincc between the accelerator 
and inhibitora neraes to the licnrt prevailing at tlic moment These 
nerves are activated ha afferent impulses cnmnating from all parts of the 
body but the inlubitora cmhnc neraes ire nctiaatcil particular!) h) 
impulses arising in certun circumscnbcvl vascular arc is, particularla the 
cardio-aortit prcasorcccptia c zone and the carotid sinus The caliber 
of the blood vessels is dctcniimcd bv the functional balance between 
tlie vasodilator and vasoconstrictor nerves ant! the pressure exerted bv 
the circulating blood T he a nsodilator and under certain conditions the 
a asoconstnetor nerv es also arc activ ated bv impulses arising in the cardio* 
aortic pressorcccptivc zone and the cirotid sums Tlioc areas, ns stated 
above, arc supplied bj special groups of afTcrent fibers the terminal struc- 
tures of which are located m the odv cntitm of the a easels and arc stimulated 
both bv internal pressure and chemical sulivtnnces m the circulating blood 
B) means of electrocardiograms obtaincvl from rabbits NiederhotT (1932) 
demonstrated that action currents m the «o-callcd depressor nerve occur 
8)Tichronousl) with the elevations in blood pressure m the aorta due to 
the cardiac coiitnctions and rcspiritor) movements In addition to the 
smaller oscillations there arc two larger pairwl waves with a definite pause 
between the succeevlmg pairs The first of the larger waves coincides with 
the rapid rise m pressure following vcntncular contractions the second 
With the first rebound follow mg this contraction The impulses arising in 
this manner arc conducted bv the depressor nerv e to the v asomotor center 
in the medulla oblongata vvhere the) arc transmitted to the cardiac inhib- 
itor) components of the vagus nerves 

Cardiac and vascular reflexes arising in the first part of the internal 
carotid arter) were described bv Ilcnng as carlv as 1923 but their signifi 
cance in the regulation of cardiac rh)thm and blood pressure was not 
understood until some ) ears later Experimental procedures designed to 
delimit the area of the internal carotid arterv m which the reflexes m 
question arise, earned out b> Henng and others, hav e resulted m its local- 
ization in the enlarged segment of this vessel near its origin from the com- 
mon carotid arter) , know n as the carotid sinus Cardiac inhibitor) reflexes 
arising m tlie carotid sinus are mediated through the carotid sinus nerv e 
and efferent components of the cardiac rami of the vagus nerves Other 
reflexes arising m the carotid sinus which plav a role in the regulation of 
blood pressure are earned out both through the vagus and s)anpathetic 
nerves Following paral)sis or section of the vagi, Henng (1924) produced 
a fall m blood pressure without inhibition of the cardiac rhytlim in dogs 
He also pointed out that stimulation of the right carotid sinus elicits a 
greater fall m blood pressure than equal stimulation of the left, and ad 
vanced the opinion that, of the reflex^ arising m the carotid sinus, those 
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hidi effect the blood ^ essels directl\ ph^ a greater role in the regulation 
of blood pressure than those '^hich act upon the heart, but the fall m blood 
pressure due to the latter refleaes takes place more rapid!\ than that due 
to the former Occlusion of the common cirotid artcr\ bj external pres- 
sure, according to Hermg (1927) results in a rise of blood pressure b^ 
setting up pressor reflexes from the collapsed carotid sinus This rise is 
diminishecl follo^\l^g bilateral section of the splanchnic ncr\es (Kremer 
and Wright, 1932) giid usuallv is abolished b\ deners ation of the carotid 
';mus (Geminill, 0\erstrcct and Heilman, 1933) Ilermg’s findings, like 
those of Hermans (1929), slio\\ clearlj that cerebral anemia produces its 
effects on blood pressure not onl\ h\ decreasing the o\^gcn tension and 
raising the carbon dioxide tension in the \ asomotor center but also through 
reflexes initiatctl m the carotid sinus 
Almost continuous conduction of afferent impulses arising in tjie carotid 
sinus under pin siological conditions, into the medulla oblongata xia the 
carotid sinus ner\ e has been demonstrated b\ Bronk (1931) According to 
his findings, a burst of impulses followed b\ an inters al of comparatne 
mactuih accompanies e^er\ heart c\clc Tlie discharge is coincident with 
the rapid rise in arterial pressure rc\ ealed bj the cura c of the carotid pulse 
Following this rapid discharge, there ire scattered impulses throughout 
diastole When the iilood pressure is high, tlie discharge becomes con- 
tinuous, a phenomenon winch also accompanies nsphj*xn The discharge 
in the carotid sinus nen e, according to Bronk, iii general is similar to that 
in the depressor ner\ c On the basis of his findings, the acti\ it\ of the 
receptne endings in the arch of the aorta ind tlie carotid sinus appears to 
be a function both of the absolute lc\cl of pressure and the rate of pressure 
change 

In a stud\ of afferent impulses from single end organs m the carotid 
sinus m the rabbit, Bronk and Stella (1932) demonstrated that with the 
beginning of the rapid rise in pressure during s> stole the end organ starts 
to discharge impulses at a rate of about 55 per second, the rate then 
decreases as the pressure falls The duration of this discharge seems to be 
a function of the threshold of the end organ, the mean blood pressure and 
the form of the pulse cune At low or medium pressure, the discharge 
Sometimes ceases during diastole, although a second \ollej of impulses 
maj occur, particularh when the pulse curve is dicrotic In experiments 
carried out w ith the mean blood pressure ranging from about 40 mm Ilg to 
loO mm Hg, single end organs sometime^ did not discharge at all or but 
^ lew times during s\ stole As the mean blood pressure increased, the 
^pulses became more frequent during systole and the discharge of longer 
Quration until, with high blood pressure, thej became continuous with 
onlj slight \ anations in frequenev corresponding to sj stole and diastole 
tarting with a subthieshold pressure at which no endings are stimulated, 
ip preparations in which several nerve fibers are intact, thev found that 
rst one and then another end organ is stimulated during s> stole as their 
several thresholds are reached It may be assumed, therefore, that more 
and more impulses reach the corresponding centers in the medulla oblon- 
gata from the carotid sinus, in the normal animal, as the blood pressure 
ises, due to an increasing number of end organs which become functionally 
higher frequency and longer duration of discharge from the 
se\ eral end organs 
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Ilcjmins (1920) dtMscd nn cxpcnmtntnl inctluHl b\ uhtcli tlie circu 
lating blood of one dog could be jmsswl through tlir* blootl ^cs3el3 of tlie 
isolated head of another dog or through its isolatc<I carotid Binusca and the 
reflex effects on the licart rate and blood pressure of tlie bo<!v of the latter 
dog, brought about through the intnet aagus nerecs, could be recorded 
The bod\ of the dog vith the isolated held rcn[ninc<l connected ^ith tlie 
latter onl\ b\ moans of the intnet \ ngiis iitn, cs and it ^\ ns kept nli\ c during 
the expcninent b\ means of artificial respiration 'i be results of tlie expen 
ments in iNbich the strange hlooil «ns pnssctl through the sesscU of the 
isolated head show tlcarl\ th it hj pcrteiision in the cirthnl xcssels elicits 
cardiac inhibition, anti li\ pottnsioii in the cerebral \ csaels re'sults in cardiac 
acceleration I he results of the experiments in wliieli the strange blood 
was pas eel through the isolftte<i carotwl simi'^cs were essenti dh similar to 
those brought about hj passing it through the entire ccrebml circulation, 
but the same reflexes were not elicited when the strange hlooi! was passed 
through the xessch of tlie isolatwt head following section of the carotid 
sums ncr\cs On tiic basia of these results, the conclusion wns drawn that 
the reflex effects of the cerebral circnintion on cardi ic rh>ihm iro brought 
about through carotid sinus reflexes and tlint the rcxicptors m the wall of 
the carotid sinus respond to clumital stimuli as will ns to dwtintion of the 
\esscl Hohh and Weiss also reportcil certain experimental data 

winch the) interpreted as supporting the h\-]>othesis that the receptors m 
the carotid smiis ina\ be stimulated dircctl) l>> clicmical substances m the 
cu'cuhtmg blood 

In another series of experiments m which the isolated carotid sinuses 
were perfused witli the circulating fdood of nnotlicr animal, following 
section of the xagus ncracs but with the animal otherMsc intact Iniio* 
tension m the carotid sinuses resulted m a rise, anil hepertcnsion in a fall 
m blood pressure Tlie fall m blowl pressure in this instance was not 
accompanied b\ cardiac inhihition 

Ihe results of experiments reported 1)> IIcMnans (1929) and Goorman- 
tigh and El lut (1929) support the assumption tint the regulation of adrenin 
secretion whicli is associated with the regulation of the normal resting 
blood pressure is nccomphsheil rcflcxl\ through the aortic and carotid 
sinus nerves ^Mien the carotid sinuses are denenated but the aortic 
nerv es are intact, changes m the gener d blood pressure still reflexlv modifv 
adrenin secretion but produce no effect on the output of adrenin when tlie 
aortic nerves also are cut 

Although the regulatorj influence of the depressor and carotid sinus 
nerv es on blood pressure is most apparent m the presence of a threatened 
rise in pressun , thev also play an important role m protecting against a 
fall m blood pressure According to Kremer and Wnglit (19*12), bilateral 
section of the splanchnic nerves in cats with the depressor and carotid 
sinus nerves intact results m comporativ elj small falls in blood pressure 
commonlj 0 to 15 per cent and occasionally 25 per cent, although vasodi- 
latation m the splanchnic area is evident Wien the aortic and carotid 
sinus nerves were inactivated, in their experiments, bilateral section of the 
splanchnic nerves resulted in falls m blood pressure which on the average 
amounted to 50 per cent Wlien either the aortic or the carotid sinus 
nerv es w ere left intact the fall in blood pressure was greatly reduced A 
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lesser degree of protection afforded b\ one intict carotid sinus ncr\c 
but one intict depressor ner\e nlonc \\is compintueK !neffecti\c 
The rehti\eU slight falls in blood pressure reported h\ Kremer nnd 
right following section of the splanchnic iierses with the aortic and 
carotid simis nerscs intact, emphasize the rolt of compcnsato^^ sa'jocon- 
stnction in other parts of the bod\, including the skeletal inuscles Lm- 
dence aho is adianced which sugt,csts that tlie \ a^^oconstrictor control of 
the \essels of the skeletal muscles is of greater function d significance than 
usualh is conceded 

Pressure on the c irotid sinus iii man is demonstr itcd hi MandeKtamm 
(lh29) b\ means of ckctroc irihograpbic rtconls ina\ rtflexK irrtst the 
heart completeU Vtno-aentricuhr conduction il-'O ma\ be interfered 
with and the heart block ina\ be partiil or complete Parovasiml tachi- 
cardia also ma\ be irrcstc<I (Daniclopohi, 1929) but as a rule onI\ for a 
short tunc 

In certain indi\iduals, the carotid sinus appcirs to be lupcreKcitable 
and reflex effects ma\ be elicited with cxtraonlimri ease In a case 
reported b\ Rosknm (1930), the slightest pressure on the skin o\er the 
sinus might produce complete arrest of the heart for as long is fifteen 
seconds and, consequentU , cpileptifonn conMilsions Iincstigation of this 
case showed that tin heart stoppe<l onU from pressure on the common 
carotid arter\ or adjacent structures Ihperstn'5iti\ ite of the afferent 
ner.e endings m the carotid smns as suggostcel h\ Ifoslam, maa he a 
factor in certain t\ pcs of s\ ncopc or epileptiform cuna iilsions 
Like Henng and IIcMiians not a few other iincstigators on the basis 
of their experimental findings have supportc<l the thcor\ tint the reg- 
ulatori influence of tlie impulses arising m the carotid ‘5inu'‘es on cardiac 
rh\thm and blood jircssurc is exerted tliroiigh reflex ineclnnisms and not 
through centers of a higher onler m the brain stem Ilermg (1030) id- 
' anced the In potlicsis that tlie depressor and c irotid sinus ner\ es constitute 
the afferent limbs of an autoregulatoiw reflex SNstem which tends to check 
both high and low blood pressure b\ marntnining x function \l balance 
between the cardiac accelerator and aavoconstrictor ner\es on the one 
hand and the cardiac inhibitor} and a asodilator ner% es on the other Am 
marked de\ lation from normal blood pressure ncconling to this In pothesis, 
must be regarded as the result of a fimctioinl disturbance of tins aiitoreg- 
ulator} mechanism 

According to Koch (1931), the carotid sinus ner% es exercise sole!} a tonic 
mJnbitor} influence on the circulation lie regards acceleration of the 
^ud rise in blood pressure on occlusion of the carotid sinuses as due 
0 a decrease or abolition of the inliibitori action due to a fall m pressure 
tb f sinuses below threshold \aUic fins Mew is supported b} 

e fact that section of the carotid sinus neraes or cocainization of the 
carotid sinuses produces similar pressor effects Although the reflexes 
mi lated in the carotid sinus are mamh depressor, the existence of pressor 
ers m the c irotid smus nen es is not precluded 
hi that the regulatorx control of cardiac rh\ thm and 

^ wd pressure is carried out soleh through reflex mechanisms the results 
rpfl (1930) Studies of the action of ergotamine on xasomotor 

indicate that the regulation of blood pressure, at least 
r certain conditions, inxohes central mechanisms of a higher order 
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Fr^jotninine in small dosts, in Ins txptriincnts on cats prolonged tlie latent 
|}cntMl of th< depressor n.(Iux, dccrraswl tin nite nnd extent of the fall in 
hlood prc-'surc and fin ilh abolisJicd tlic reflax completely In larjrcr dosea, 
It dso prL)l()n/,'ed tlic Intt nt pcrio<l of tjit pressor reflex dtcrea'setl tlie rate 
and extent of the rise in blwnl prtsstirt, mid finally almlisfic*! tins reflex at 
a in nliicli the yasomotor center still rcs/mndcfl strikinplv to acute 
anemia Ilusc results, yyhich indientc tint the cfTcct of trj'otarnine u 
exerted on tlic afferent 6idt of the \nsomotor center, militate aRimst the 
ibSumptiDn that the rt^julation of the canliac rhytlirn and blood pressure 
IS rneshated ssobh throu;:!! direct nflex inctlmmsnis Certain ohscryatiom 
repiirtcil In ( roincr iml lyj (1911) also tcml to slioyy tint the cirotifl 
sums morlianism is not indispeij^nhlc in the npiilntion of enrdne rlnthm 
xnd IjUkkI pre sure In a stud^ of the effeets of axcrcisc on the heart rate 
blood pressure and respiration in do^js, tluy obtnmcei results follonin;: 
section of the carotid sinus nerves \yhich differed but sh/jlilly from the 
results obtiincel y\ith the earotnl sums incelnnisms intact On tiie ba^u 
ot these results, they conclmlcel that “the phvHiolo/jical role of tlie carotid 
Mmis ns a rellexoffcmt center for amtndhn/? blooel pri^ssiirc heart rate and 
respiration is rcuiily takenoverhy other mcclnriMms in tlic do;r^ “ Kaah 
(1932) also aeiyautcxl tertnin data vyhich seem to indicate tint the vaso- 
motor center ts stimulates! elircctlv l»\ tv dwreaH in tlie Mood prc&surc in 
the cerebral \ easels 

In Men of the mercaseng volume of data vvhith fail to support the 
hjpotliesis tliat tlic blood pressure and the lieart-nite are rcRulatwl mamlj 
through the carotid sinus mechanism, partitularlv til 0 ^c data which seem 
to support the assumption that the xasomeitor center is stimulated dircctlj 
bv changes in tlic cerebral blooel pressure Boiickncrt and Ileunans (1933) 
earned out axperiincnts on dogs eles>ipicd to test this assumption \ccon! 
mg to their fuidinga the low blocKl pressure and the reduction in the 
volume of Wood flowing tlirough the tcrchral vessels brought about bv 
occlusion of the common carotid arteries, their efferent hmnclics, or the 
V ertebral arteries <Io not direct!} stimulate tlic v nsoconstrictor center Low" 
pressure in the carotid sinus, liowcvcr results in stnnnlation of the vaso- 
constrictor center via the carotid sinus nerve, although it also results m 
reflex)} increasing the cerebral blood pressure and the volume of blood 
flowing tlirough the cerebral vessels Conversely, high pressure m the 
carotid sinus results in depression of the vasoconstrictor center via the 
carotid sinus nerve, although it also results m reflaxU ilimmtshmg the 
cerebral blood pressure and blood suppi} On the basis of these findings 
the} hav e concluded that tlie vasoconstrictor center is not directl} sensitiv c 
to changes m cerebral blood pressure and blood volume unless these arc 
ver} extreme The tonus of the vasoconstrictor center is. maintained 
chief!} b} the arterial COi tension, but normall} is mlubited bv the effects 
of the normal blood pressuie exerted through the aortic and carotid sinus 
nerves consequent!}, these nerves plav a dominant role m the reguLation 
of the blood pressure 

When tissues or organs are in a condition of liigh activ it} , their nutri- 
tional and respiritorv requirements are increased and their blood vessels 
ate dilated mam!} through loi^l, direct and reflex effects of temperature 
and metabolites Experimental data advanced b} Rein (1931) and 
Bouckaert and Heymans (1935) mdicate that the blood v essels of tissues or 
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organs in states of nutritional \ asodiHtation arc temporariK irrc'.ponsn e 
either to iier\ous or liorinoiul \ asoconstrictor influences exerted througli 
the pres<5orecepti\ e reflex mechanisms mxohcd in blood pressure reguli- 
tion The principal \ isoconstnctor cfTcct frequentK the onl\ one, is 
exerted on the Mssels of resting organs or tissues, consequentK, blood is 
shifted readiK from tissues \\hosc rcspiratorv and nutritional needs are 
slight for the tune being to tissue^ whose needs are greater, ilthough the 
general blood pressure is maintained at normal lex els or regulated at lex els 
aboxc normal 

'Jhe cercbril xessds, according to Bouckaert and Ilexonans (1913), do 
not participate actixelx m the prcb^,ortccptix e regulation of the generil 
blood presbure but alw ax s bchaxc like thcxcsselsof inorgin mxxluch the 
nutritional requirements arc clex ited llnis whenexor tin necessitx 
arises, blood max be shifted from other organs in a state of met ibolic rest 
to the cerebral circul ition During periods of hxpotension blood is diverted 
from the peripheral and splanchnic areas tow ird the cerebral circulation, 
due to pressoreceptixc reflex actixitj initiated particularlv in the carotid 
sinuses During periods of iix pertcnsion, some blood is diverted from the 
brain due to the activitj of the same reflex mechanisms The peripheral 
cephalic tissues and the thxroid gland phx a significant role in these 
reactions As demonstratc<l b\ Rem cl al (1932), increased pressure in the 
carotid sinus choits reflex thvroid x isodilat ition, thus dixcrting a certain 
amount of blood from the c irotid arteries through the thxroid gland It 
also elicits xasodilat ition in the penplicnl cephalic tissues Lowering of 
the pressure in the carotid sinus results in tlie opposite reactions The 
extracranial circulation, consequently, phx a a leiding part in the regu- 
lation of cerebral circulation particularlv m emergencies (Ilex mans, 1938) 
The significance of tliesc findings rcgirding the belnxior of the cerebral 
blood xessels is emphasised by the results of an cxtensixe senes of studies 
on the xasoinotor control of the cerebral xcsscls summan'zed by Forbes 
and Cobb (1938) The results of these studies, earned out bx the above 
mxestigators and their collaboritors, show clearlx that the cerebral xessels 
ate supplied both xv ith x asoconstnetor and \ asodilator nerx e fibers Vaso- 
constrictor fibers are distributed uiicqiiallv to the xessels in the xanous 
parts of the brain and probablx do not reach the smallest arteries and 
arterioles Direct stimulation of the x asocon'^tnetors elicits only slight 
constriction of the cerebral x essels, as compared xx ith the x asoconstnetor 
response of comp irable stimul ition obserxed in other organs The arteri- 
oles undergo no appreciable changes in caliber and the flow of blood 
“rough the capillaries x\ Inch, at least in the pia mater, appear to be alw ay s 
Open is remarkably stiadx The x asomotor mechanism obx loiisly is more 
hi some parts of the brain than in others and max aid m dix erting 

ood from one region to another It may help arteries to regain normal 
onus after extreme dilatation and thus limit undesirable fluctuations but 
cxpenmintal data do not support the assumption that it can cause the 
r enes to constrict sufficiently to bring about ischemia Chemical agents, 
Particularly CO , play a major role m cerebral y asomotor regulation In 
n experimental study reported by Norcross (1938), CO caused a marked 
crease m the flow of blood in the cerebral xessels, inhalation of pure 
xgen and hvperyentilation xvith pure air caused a marked decrease 
ministration of adrenin, ephedrin and postenor pituitary extract caused 
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ha\e supported the thcor\ tint cheinical stimuli constitute a major factor 
in the causation of caliber chanpes in the capillaries 
Krogh (1927) maintained that the capillaries, like the arteries, are 
influenced ^efle:d^ m lnan^ a\ s and that the reflexes m\ oK ed are carried 
out through sMnpathetic fibers He failed to produce caliber changes in 
peripheral capillaries h\ stimulation of the distal ends of dorsal spinal 
ne^^e roots but regards localized h\pcrtinia, due to stimulation of the 
skin, as the result of axon reflexes carried out through collaterals of the 
sen'orj fibers i\hich mediate cutaneous pain These axon reflexes accord- 
ing to Krogh, bring about acti\ e dilatation of man\ of the capillaries m 
the cutaneous area in\ ol\ cd 

The solution of the problems in\ol\e<l in caliber changes m capillaries is 
be^et with inherent difficulties due to the marked h\tlrostatic effect on 
the^e aessels of am changes m the caliber of the arterioles In most 
instances in which capillan contractions m response to ncrae stimulation 
has been obseraed the latent period has been rclati\eK long and the 
mechanism in\ohed could not be elcari\ determined Swelling of endo- 
thelial nuclei into the lumen, thus limiting or complctelN stopping the flo\i 
of blood, has been ob-'Cri ed b% Kalm and Pollack (1931) in the nictitating 
membrane b\ Field (1035) in the inc«cnter\ of the rat ind b\ Beecher 
(1936) in the rabbit s ear Beecher oh'^er'cd both spelling of endothelial 
cells and contraction of Rouget cells According to his ob'crv ations the 
latent period ma\ be of the order of out second or longer In a stud\ of 
capllh^^ reactions in the rabbit s car w ith the aid of a transparent chamber 
Sanders, Ebert and Florei (IfMO) obscned contraction of capillaries in 
respome to cetaical sainpathctic stimulation and a marked increase in the 
flow of blood tlirough the capillaries following section of the ccrwcal 
'UTnpathetio trunk The mechanism b\ winch the capillart lumen is 
occluded in response to netae stimulation in\ol\ed swelling of an endo- 
thelial cell in the region of the nucleus sufficient to occlude the lumen The 
outside diameter of the capillar% was not ‘^cnsibK diminished and no 
changes were obsera ed in the Rouget cells in the field of obseia ation The 
latent period from the beginning of stimulation was fifteen to twent\ 
seconds and the capllla^^ remained contracted up to fort\-fiie seconds 
sfter cessation of stimulation 

Certain im estigators including Hoffmann and Magnus- \lsleben (1922), 
”essle\ (1924) and A\atanabe (1938) ha\e maintained that capillarj 
permeability is increased follow mg saanpatlietic denen ation Rous, Geld- 
log and Smith (1931) obsera ed that a ital da es circulating in the blood pass 
tnrough the normalla innenated tapillara walls more rapidla toward the 
' enous than tow ard the arterial end The capillaries, therefore exliibit an 
increasing gradient of permeabilita from the arterial toward the aenous 
end This gradient according to Hesselman (1932), disappears following 
sympathetic denera ation His findings seem to indicate that the increased 
capulara permeabilita following sa mpathetic denera ation is brought about 
} reiQoa al of the permeabilita gradient and does not depend entireh on 
capillara dilatation 

■^enmental data reported ba Engel (1941) seem to be somewhat at 
^i*h those cited aboa e This lack of agreement maa be correlated 
th 1 ^™ploy ed In Engel experiments da e was perfused m 

^ joints of cats dogs and rabbits which had been sa mpathectomized 

one side and the local blood flow measured thermo-electncalla In the 
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cutaneous arttncb in the fingerb, for example, inn constrict strongly, as 
indicated h\ the \olumc pulse \\'\\c recorded in the pad of the distal 
segment, vhile the aoluinc puKt waxc record of the radial artcrj' shows no 
appreciable change (Ilcrtrmui and Dillon, 1940) In a more specific 
studs of thcrclatncrcsponsc^iof the dorbal metacarpal, digital and terminal 
cutaneous arteries of the h md in \ isoconstnctor reflexes Ilcrtzinan (1941) 
found that the dorsal inctnc irpal and digital arteries usually do not 
participate m the spontaneous fluctuations or m the \ asomotor reflexes 
elicited b\ loud noises, iminciMon of the coiitr ilatcral hand In ice w vtcr or 
application of cold to the finger in tin. p id of which the \ olume pulse w a\ e 
b being recordwl A high degree of sclccti\ It^ m the \ isomotor apparatus 
therefore is indicated 

The normal aoUiniL puhe wa\c of the finger pad is esbcnti ill\ simil ir m 
contour to the normal ^olumc pulse waxc of the radial arterv (Dillon and 
Hertzrnan, 1911) In jntunts with arteriosclerosis or h\pcrtcnsion, the 
digital puhe IS altered earlier and to i greater extent than the radial pulse 
but, because of discrepancies in the alterations which take place m tlic 
wa\es it IS impossible to predict from the contour of the radial \ olume 
pu!b( wa\c what the contour of the digital \oUune pnhe wa^c will be It 
13 impo^<5iblc likewise In stud\ of the contours of tlie digit d ^ olume pulse 
waves to difTcrcntntc artcnosclcrotic changes m the digital vcbscl walls 
from those produccil bv li\ pcrtension particuhrlv if the livpcrtcnsion is 
of long standing T he contour of tlic digital \ oluinc pulse w a\ c, nc\ erthc- 
less, maj afford sigmfic int mfonnation regarding carh changes m the 
elasticit> of the arterial svstem 

The clastic reservoir action of the irtenal svstem lias long been recog- 
nized Ihe (lata advanced b\ Dillon and Hcrtznian bccm to support the 
suggestion of Grevcii and 1 cdcrschinidt (1939) that there inav be a central 
and a peripheral clastic reservoir, tlic latter witli respect to the hand, 
beginning somewhere peripheral to the radial nrterv Data reported b\ 
Matthes Gross and Gopfert (19 i9) also support this suggestion Strict 
anatomical delimmation of the jicnplicr d rcserv oir must aw ait further stiid^ 
in an experimental stiidv of \ ascu! ir reactions to local cooling, Ilertzinan 
ancl Iioth (1942) found that w hen a single finger is immersed m cold vv ater 
ne initial immediate v isoconstriction is due to v isoconstnctor reflexes, 
indicated b\ the simultmcous vasoconstriction which occurs in the 
u her fingers of the same hand and the opposite hand The reactive 
'?^*|^tation which takes place m a chilled finger three to eight minutes 
ler the application of cold is independent of the v asomotor nerv es This 
toVh bj the facts that the reictive vasodilatation imv be limited 

o the chilled finger and that it mav occur while the vasomotor tonus is 
ibe control fingerb In some instances vasoconstriction could be 
on chilled finger while the reactive vasodilatation was going 

refl ^'S>tal arterj does not participate either in the vasoconstrictor 
^belted bj local chilling or the reactive vasodilatation which fol- 
be 1 constriction during continued chilling of the finger seems to 

tain^^ direct effect of reduction m temperature on the arterv Cer- 
ibDil seem to be devoid of vasoconstrictor reflex mechan- 
v„ ^ ^billing of the skin of the forehead for example, results m gradual 
'asodif temperature falls, which is not followed b\ reactiv e 

to f ' ascular reaction to ohilhng in this area is comparable 

ot a fingcjr of a s\ mp ithectomized hand 
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Extrinsic Kerves of the Respiratory Tract— 1 he rtspintorj tnct, 
includmp the msn! mucosi, lar\n\, tr'iclicn, lirontlii nnil lunjw, is inner 
\ ited throu;,li s\ mp ithctit «n<l p'\ms\ iiip itlu tic ncr\ cs As^oented with 
these ntnes ure nlTtruit fibers of spmil giitiRhcm origin niHl nfTcrentcotn 
ponents of the \ngi llic nfTcrent imurMition of the nisM niuco<yi h 
dernetl nnmU from the trigemiiml nones anil the iierM intcnncihi Hie 
bjni|nthetit inncr\ntiou of the inval iiiiicos'v is (Un\c<l matnU from the 
supi nor ccr\ ical ganglion \ n the intern il carotid plexus, its paras^inpath 
etic inucri ation inainK from the splKOopalatinc ganglion I he voluntarj 
musculatu'c of the upper portion of the riNjimitors tract is inncnatd 
tlirough the facial glossophar\ ngoal and x agus non cs 'Hie p insNinpatt 
ctic and xngus nfTcrtnt irmcnatton of tht larxnx and tmehea is supplied 
mainl> through the lnr\ngtal hr inches of the \ngi fhcir ssinpathetic 
supply IS den' I'll niainU from (he superior ctnical sMiipitlittic ganglw 
through the phannged plexus uul the sMiipathttic riini which join the 
\agi riic hronchi and lungs arc supphcil m unh througli the pulmonaia 
plexuses which arc mide up of \agus and svanji ithttic components plus 
the neurons in the puhnonarx ganglia (1 ig IG) 

The superior Inrjngcal nerxe is n branch of the \ngus which recent 
Its cfTcrent fiht rs f rotn the accesson non c It p isses dow nw ard and medial 
w ard tow ard the tin roid cartilage and ends hj dn idmg into a large intcrMl 
and a small external lar\ngtd brunch It i» jonicil h\ rami from the 
pharjngcal phxus and the sxinpathttic The internal larxiigcd hronw 
supplies the mucous membrane of the phamix reaching upward to the 
epiglottis and the b isc of the tongue It commumcates infcriorl' , bene^a 
the lamina of the thj roid cartilage, with the inferior lnr\ ngcal nerxe fhe 
external branch supplies the cncothjroul nniscle Ml the other muscles of 
the Hrynx derive their motor nerve suppU from the inferior larjaigcal 
nerve which is a terminal hr inch of the recurrent The latter nerve also 
supplies branches to the trachea and nut uneomtnonij is joined hj a r«nu> 
from the middle cerv ic il sympathetic ganglion According to Tschehust 
km s (1927) findings m the, dog the nerv cs w Inch appro ich the tracliea and 
bronchi give rise to a loose-mtshcel plexus m the connective tissue along 
the ventral and lateral aspects of these organs and another along their 
dorsal aspect Minute ganglia occur sparselv scattered in the former 
plexus The latter contains a large number of ganglia of ' anous sizes and 
forms These plexuses are continuous w itli tlie pulmonarv plexuses 
As the vagus nerve on either side reaches tlie dorsal aspect of the root 
of the lung m man, it breaks up into numerous branches which become 
mcorporated in th« posterior pulmonary plexus Some fibers from both 
vagi pass ov er the upper border of the root of tlie lung and enter the mu<-h 
smaller anterior pulmonaiy plexus These plexu'^ts are intimateh con- 
nected w ith each other and with the cardiac plexuses 
The anterior pulmonary plexus lies lu contact w itli the root of the lung 
anteriorly It is joined on both sides by a ftw fibers from the corresponding 
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part of the deep cardiac plexus itid on the left side also l)\ fiberb from the 
superficial cardiac plexus It supplies, structures m the anterior part of 
the root of the Iuuk 



ln^cr^ iition of the re piratory tract 


Th 

®ade^ pulmonan plexus lies behind the root of the lung It is 

second^ of branches of the xagus and slender rami from the 
j.j5g to * fourth thoracic sjmpathetic ganglia This plexus gn es 

\es-;pl branches uhich form delicate plexuses on the bronchi and 

Intnrf^ * r substance of the lung 

theresn^*'^ Nerves of the Respiratory Tract —The nerves m the v\ ills of 
piratorj tract include large and small mjelmated and unm\ chnated 
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fibers 'ind nmncroiis gnnglii Some of the latter comprise hut fcv\ ganglion 
cells, others innn> Ihese ganglion cells ore similar to those in the cardiac 
and enteric plexuses 'Ihej are to be regartlcfl as paras^inpathctic and 
constitute the ganglionic conijionenta of angus cfTcrent chains Ganglia 
occur in the \\nll3 of the laranx, epiglottis tnithca and Iironchi but are 
most numerous in the posterior wall of the trachea (Polscliko, 1S97) 
I arscll and Dow (IDS'!) ohscr\e<l ganglion cells ns far distnlnnnl as the 
proximal ends of the bronclii of the tlmtl orth r Oknimira (1937) reported 
the occurrence of ganglion cells ns far distnluanl ns tlic al\c“olar ducts in 
the lung of the cat In general, the larger fiber Immllts m the walls of the 
respiratorx passages run longitiidinalK but limncli and anastomose frcch 
to form plexuses In the lnr\ nx, there is a suhcpithclml and a deep plexus 
the latter alone containing ganglia In the epiglottis, Polscliko recognized 
onb a subcpithclial plexus Both the snWpitlichnl and deep plexuses are 
prasent in the w alls of tlic trachea and laigtr bronchi In the walls of the 
smaller bronchi, the two plexuses blond into one Tins plexus can be 
traced as far ns tlie rcspiratora bronchioles, but ncr\ e fibers running either 
smgb OT m small bundles continue still farther into the walls of the atna 
VfTerent fibers extend distalw ard ns far as tlie proximal i nds of the ah colar 
ducts (I arscll and Dow, 1933) 

The bronchial plc-xusos arc continuous with the tmclical plaxuses but 
arc made up mauiU of fibers ileriaod from the anterior and posterior 
pulmonarj plexuses According to I arscll (1922), tlie nerves winch enter 
the lungs from the latter plexiiso arc d^tnlmtcxl to the bronchi, blood 
V essels. and v isceral plcurto Perhaps most of tlie fibers enter the bronchinl 
plexuses llic subcpithclial plexus is loeited inninlv between tlie cartil- 
aginous plates and tlie bronclunl musculature, tlic deep plexus is located 
between the cartilaginous plates and the parcnchvma of the lung The 
mtrapuhnonarj ganglia are located chiefh in the latter plexus and usuallj 
occur at the bifurcations of the bronchi and at the points of junction of the 
larger fiber bundles in the plexus 

Ihe plexuses include both myelinated and iminjelmatcxl fibers Many 
of the larger my ehnated fibers can be traced to sensory terminations in the 
epithelium and the subepitliehal tissue as far distalw ard as the bronchioles 
and atria Ihese are general a isceral nfTerent fibers mamh of vagus 
origin Other myelinated fibers terminate m the intrinsic ganglia m peri- 
cellular networks These arc preganglionic fibers of vagus origin Fol- 
low mg unilateral v agotomy in the rabbit, Larsell and Mason (1921) found 
that nearly all the pericellular networks in the intrapulmonarv ganglia of 
the homolateral side underwent degeneration Ihey concluded that the 
few which remained intact represent the terminations of preganglionic 
vagus fibers from the contralateral side There is no evidence that pre- 
ganglionic fibers of spinal origin terminate m the ganglia m the walls of 
the respiratory tract The smallest myelinated fibers and the unmyelm 
ated ones are mainly of sympathetic ongm and axons of the neurons m 
the intrinsic ganglia They are the postganglionic fibers w hich supplv the 
musculature and glands of the respiratory tract The mucous glands 
receive fibers mainly from the subepithelial plexus 

Nerve Terminations m the Respiratory Tract — Sensory — Polschko 
(1897), using the methylene blue technic described three ty^ies of sensorv 
fiber termmations in the larynx and epiglottis end arborizations and end 
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bulbs or knobs located m the subepitliehal tissue and branched endings 
ramdr m the ep.thelmn, These terminal structures are connected 
nith relativelj large maelinatcd fibers l^hIch mav he regarded as fibers of 
cerebrospinal origin 




Fig 47 — 4 feensory ner\e termination m the epithelium of a primary ‘bronchus ivitliin the 
lung in the rabbit B Sensory nerve tcrnunation at the point of div ision of one of the larger 
bronchi in the rabbit (Larscll ) 

Larsell (1921) using the ineth\lene blue technic on the rabliit s lungs 
found sensor\ nerte endings in the epithelium of the primary bronchi at 
the points of origin of the brontln of the \ arious orders and m the alls of 
the atru The sensorj ner\ e terminations ui the epithelium of the primary 
bronchi are highlj complex Relatixelj large mtelmated fibers deiiate 
from the fiber bundles in the plexiform ineshworks around the bronchi 
and approach the bronchial epithehum either singlj or in bundles of t\\ o 
or three fibers Indi\idual fibers penetrate the epithelium and terminate 
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m the dog including flattened receptors along the nUeolar ducts complex 
hnnclnng ones in no<Uilts in tht avails of tlu lur sacs and more delicate 
ones with btraight and coded terminal hmncli(.s m the aU tolar walls 




Fio 50 —Smooth jnusdo »plri<lle< m lironrljiftl nm fuhiurr fluid ajwl tJslil months Intrt 
>itsm methyUne nnd liotnx tatminf {Larfll (in«l Dow ) 


Motor — rite mu«cul \ture of the hrj iix trachea and hrondn w nchh 
supplied with clTcrcut ncr\e filKrs of small caliber which arc citlicr unmj- 
ehnated or imcsted with n \cr} thm mitlm shcith Manx of these con 
be triced dircctl% from neurons m the intrinsic ganglia, othen nierch 
traaerse these ganglia on the wa\ to their peripheral distribution The 
latter arc postg ingliomc fibers which ha\e their origin in ganglia of the 
SI mpithctic trunk 

In the larger bronchi, the bundles of ntr\c fibers in general run parallel 
to the smooth muscle bands At inter\ a!s ncr\ c fibers dca late from tiiese 
bundles either singK or in small strands and penetrate the muscle On 
reaching the muscle the indnidual ner\c fibers gi\c rise to numerous 
slender branches w hich run betw cen the muscle fibers and at interN als gu e 
off short twigb which tenmnatc near the nuclei of the smooth muscle cells 
Nerv e bundles constant^ diminishing m size rona be traced as far as the 
bronchioles and ab eolar ducts From these bundles fibers inna be traced 
into the musculature of the bronchioles and the sphineter-like bands at 
the openings of the ah eolar ducts into the atria Efferent nerae fibers 
also terminate in relation to the bronchial glands 

Innervation of the Pulmonary Vessels — flit pulmonan irter> and its 
branches are more richly supplied with nenes than the usual anatomical 
descriptions and the results of p!»\siological experimentation seem to 
indicate but less richly than the bronchial arteries In the r ibbit, accord- 
ing to Larsell (1921), relatiaeU large nerac trunks become associated, near 
the hilum of the lung, witli the larger branches of the pulmonary arter\ 
These neraes wind about the blood aessels as tliey continue distalward 
an<I at irregular mtcr\ als, gi\ e off fibers w Inch run roughly parallel to tiie 
artery for a short distance and then turn almost at right angles and die ide 
into several mam branches one of which usuallv runs proximalw ird and 
another distalward along the artery (Fig 51) These branches in turn 
give rise to smaller varicose branches which mav undergo still further 
subdu ision and finally penetrate the media to terminate in relation to the 
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the bronchi ^ ( 1013 ), the non c filnr buinl'es n i'”h ' 'i 

According to Lnrcell md Dot t J ..r,, no 1 h. 

branch^ of pulmoinn ^ hUr bundlo of "iinuti -i» 

smaller arteries are "Tcourscaotthccip^ 

Slender filaments al-ololoyhecou^ 

ducts and air sacs, ^ ■ be piilmotnrc tens lure n rclatucU 



Fig 51 —Distribution of nerve fibers m the muscultttire of Uie piilmomrv nrterj in t!ie 
rabbit (Lsrscll ) 

bear the same relation to the musculature as in the piilnion ir\ arteries 
(Berkelej, 1893 Larsell 1921) 

Both Berkeler (1893) and Larsell (1921) obsincd that the smaller 
branches of the pulmonarr artera which lie in close proxiiiiitv to smiill 
bronchi receire fibers from the neiae plexus around tlie latter Most of 
the as ulable data, particularlj tliose obtained in experiment d studies 
earned out on mammals support the xicw that the m ijor portion of the 

ImLarsI IfiL! 

lanembon oi the Visceral Pleura -Afferent nerxe endiniis m the 
isceral pleura hax e been desenbed by x anous inv estigators In the dog 
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nncl tlie rabbit, ncconbiig to I arstll (1922), the nencs ^^Illch supply the 
M&cenl pleura cincrffc from the p)c\u<{ on the pulinonnn arteries near the 
hilum of the Iimg, enter the picum ami run for some distantc as fairlj 
compact bundles and then breah up into smaller ones The nerve /ihers 
art distributed rnninlv to the pleura iicir the margins of the pulmonary 
lobes particularly on the inner surfaces In the rabbit, tbc fiber tcrraina 
tions m the \ibccral pleura are small and of simple structure, m the <loj; 
tliej arc larger and more ciirnplex Jrtljiughlin (10 tl) dcscribecl small 
cncapsulatcti ilTcrent end organs in the visceral pleura of tlic cat- In the 
lungs of the pig and man, as rcportwl bv I ar-cll (l‘)}5), bundles of nerve 
fibers approach tlie visceral picuri rw tlic mltrlobir septa from the pen 
vascular plexuses within the lung These fibers, like those which reach 
the visceral pleura in tlie ilog and tin rabbit art derived from the plexus 
on the pulmonary arterv Some of them end m relntivclv simple afferent 
terminal structures m tlic pleura Jlic results of degeneration axpenments 
on rabbits rcportwl by I-nrscll, though not conclusive, sfronglv suggest 
that the nerve fibers distnbuteel to the visceral pleura are mainly compo- 
nents of the dorsal roots of the upper thoracic nerves which reach the lung 
na the upper thorieie and inferior tervicid svmpatlietic ganglia 
Pulmonary Reflexes — 'Direct Bronchial Reflexes — l^ircet rcflcxtxj mvolv 
mg the trichcal ami bronchial muscwlvturc winch nre luitmtcvl bv stimula- 
tion of afferent nerve fibers winch supplv tlic rcspiratorv tract plav an 
import mt r6le in the rcspiratorv processes Irritation of anv part of the 
tracheal or bronchial mucosa elicits reflexes whicli involve tlic musculature 
of tlie rcspiratorv tract either m whole or in put As ixuntcd out by 
Larsell (1921), the seiisorv ncnc tcnnmations situated at the openings 
into tlic respiratory portion of the lung differ ‘‘onicwlnt morpliologically 
from those situated m the mucosa of the larger bronchi \\hethcr or not 
these sensorv terminations differ functionnlly is problematical It seems 
not improbable, as has been suggested bv 1 iirscll, th it the afferent ter- 
minations in the larger brtmclu represent a tv pc of tactile tcnnmations 
which IS stimulated by masses of mucus or foreign particles within the 
bronchi The reflex contraction of the broncliial musculature elicited by 
such stimulation would tend to prevent the displacement of matter m the 
respiratory passages distalward TJicsenson tcnnmalions situated at the 
openings of the rcspiratorv portion of tlie lungs might concciv ably also 
sene the purpose of guarding against the entrance of foreign matter into 
the atria and air sacs by eliciting rtflax constriction of the muscle bands 
at the openings of the alveolar ducts into the itna, but, as Larsell sug- 
gested, they seem to be better adapted, due to tbeir structure, to react to 
pressure stimuli than to touch Although they may mediate impulses 
which elicit direct bronchial reflexes, tliey probably are stimulated by 
partial collapse of the lungs at each expiration and mediate impulses 
which are involved in the reflex control of respiratory rhythm If the 
sensory terminations located m the walls of the atria are stimulated by 
changes m the CO tension of the air m the atria and air sacs, as has been 
suggested by Larsell and Dow (1933), they also play a role m the reflex 
control of the respiratory rhy thm 

The visceral pleura quite generally has been regarded as insensitive to 
stimulation (Capps, 1911, Hoffmann, 1920) Larsell (1928) elicited 
respiratory reflexes in decerebrated dogs, by inflating a small rubber bal- 
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loon phced bet^^een the lobes of the lung These reflexes m\ol\ed inhibi- 
tion of the inspintorv ino\cinent nnd initiation of the c\pintor\ blast 
On the basis of his results he concluded that the ncr\ e endings in the 
Mbceral pleura on the interlobir surfaces of the lung ■were stimulated b\ 
mechanical contact He also expressed the opinion “that the netac 
endings m the pleura are nonnal!\ stimulated h\ the contact of adjoining 
interlobar surfaces during extreme inflation of the lung, although such 
stimulation probabh occurs hut rarcK, if e\(.r in normal respiration ^^lth 
intact a agus iieraes ’’ 

Bronchoconstnetor Fibers —Due to the ehsticita of the cartilage rings in 
the trachea and larger hronclii these tubes tend to assume a maximum 
diameter, but the tonus of the trieheil aiul bronchial muscles normalla 
impo'ies on these c irtil igc rings a cert iin ilegrct of ten-sion 1 his tonus, as 
indicated ba the results of pha siological experimentation, is mediated 
through the parasampatlietic ncrats bcction of the a igi results m dilata- 
tion of both the trachea (rmthoacn 1S02) and bronchi (\\eber 1914) 
Stimulation of the penpher il end of the a agus if the m ra c is cut proximal 
to the origin of its recurrent branch elicits ehmmution in the caliber of 
both the trachea and the brnnclu \\ lien cither a mils ner\ c is stimulated 
in thb manner, diminution in the ciliber of the bronchi is most marked 
on the homolateral side, but is also apparent on tlie contralateral side 
This result indicates tliat some a agus fillers norm ilia cross oa tr ind enter 
the pulmonara plexus on the opposite side In the e it tlic extent of the 
crossing a anes aaidela In some immils pncticalla ill the ' igus fibers 

suppKing the bronchioles arc deriaed from the opposite side, in others, 
nearh all of these fibers ire derived from the «aine Mdc Crossing of a 
certain percentage of the lironchoconstnetor fibers •'Cuns to be the rule 
rather than the exception (Dixon and Ransom 1912J 
Powerful excitition of the ccraical saaiipathetic in the cit according to 
Rixon and Raii<5om, sometimes rsuUs in bronclioeonstnction Con- 
'crselj, a agus stimulation occasionalla elicits hronchodilatation In 
experiments reported ba Ilebb (1940) the most frequent response of the 
bronchial musculature m the i«;oIatc(l perfuse<l lung of the guinea-pig to 
sympathetic stimulation aaas marked contraction Bronehodilatation 
occurred occasion ilia under special conditions 1 he bronclioconstrictor 
r^ponse was quantitatia el> coraparible to tint resulting from the injection 
0 ^icetalcholine The sarapathetie iniieraation of the bronchial muscula- 
oreobaiouslj includes some cholinergic fibers at least in some animals 
Bronchodilator Fibers —The hronchoehlator fibers are saanpathetic and 
^risemainla m the inferior cervical and upper thoracic ganglia The pre- 
ganglionic fibers involved are components of the upper three thoracic 
cries Stimulation of the thoracic end of the cut cervical saaiipathetic 
commonla results m hronchodilatation on one or both sides The 
action IS more marked, hoaaeaer, when the stimulus is applied to the 
rami The bronchodilator fibers also haa e a bilateral dis- 
some cases according to Dtxon and Ransom, the sjanpa- 
sid the bronchioles IS deria ed almost entirelj from the opposite 

others, the crossing of these fibers is less complete The crossing 
Percentage of the sjanpathetic fibers supplying the bronchi 
and p ° rather than the exception These findings of Dccon 

ansom have been corroborated ba the findings of Le Blanc and 
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andDixon 'indIIo\le (1028), obtinwl noconclusi\c c^ idcnceof in efTecti\e 
Msoinotor mnenition of tlic pulmonm 
B\ the use of perfusion prepintions IcBlinc ind Mn ^YlJngalrdcn 
(1924) Bcrr\ ind DiK (1931), Bcrr\, Bnilsford ind Dil\ (1931), Dil\ 
ind eon I uler (1042), IruiMiu (1012) ind Hcbb (1040) demonstrited 
both effcctiec puhnoinre M'loconstriction ind ei'^odilitition In the 
experiments of I)il\ ind xon 1 ulcr excitation of the thoracic xago- 
sempithctic nerxes ‘'Ometnnes eliciteal stnnig pulinoinrx x isoconstriction 
and sometimes w c ik x isodi! itation I lie pli irnncologic ex idence obtained 
seemed to indicUc the existence in thc-'t nerxes of sxmpathetic xaso- 
constnetor and pirisxinpathetic \ ismlilitor fibers In hranklin’s exper- 
iments, adrenin eliciteal eontrietion or no rcspon>*c in tlie large extri- 
pulmoiiarx xcitis abx ixs eontrietion m the mu ilier pulinonarx xems and 
xerx smil! responses or none in the intripulmon irx xcins In the intra- 
pulmonarx xcins the response xxas dilitation about is often as xa'so- 
coDstriction Ihe constrictor cfTtcfs of uirtnin were rtxersed bx ergo- 
toxine indicating the existence of sxmp ithetit xasodilator nicclnnisins m 
addition to x asoconstrictor ineehanisins Dita ri ported bv Ilebb ilso 
indicate tlie occurrence of botli xasocoiistrietor ind xa-*odilitor fibers in 
tbe sxmpathetic bronchi il nerx es 

The results of the experiments cittHl iboxe seem to \x irrant the conclu- 
''ion that the sxmpithctic supplx to the pulmoiurx xt&sels includes the 
X asoconstrictor fibers and it Ic ist ‘some x isodil itor fibers but x asodilator 
fibers also are includc'd m tlie pirasxmpithetie supplx In general, the 
effect of the x isoconstnetors is more in irke<! th in that of the x isodilators 
hither xasodilat ition or x isoeonstnetion in i\ t ike pi ut indcpendentlj of 
changes m the calilier of the bronchi, eoii'^eiiueutK it in ix be assvmitd that 
the pulmonarx circulition iindtr phxsiologie coinlitums is subject to 
regulation at leist in some degree, through xasoinotor nerxes In xiexx 
of the inechinical conditions xxhich obtun it must be ippirent that the 
regulation of the pulinonarx ( ircui itioii di|K*nds in a 1 irgc measure on the 
regulatorx control of the sxstcinic circul ition 
Bronchial Keuroses —Inxicxx of there letions of the bronchi ind bronchial 
'essels to both direct ind reflex \ igiis and sxmpathetic stimulation, it is 
^ ear that disturbances of the pulinonarx innerx ation might result m 
asthmatic attacks >>ot ill forms of bronchi d asthma hoxxexcr are to be 
regarded etiologicalK purelx IS neuroses In niaiix instances the path- 
° ogical nerx ous manifest itions associated x\ ith isthinatic disease probablx 
^present the result of catarrh il mflamm itions of the bronchial mucosa 
tithe other hind, inflainin ition of the bronchial mucosa, under certain 
Petitions max arise as a manifestation of a pninarx disturbance of the 
tniierx ation In anx case, asthmatic di‘=:east inxolxes profound 
of the bronchial inncrx ation 

^ hat asthmatic ittacks max be brought about bx reflex stimulation of 
arious afferent nerxes, e g , those supplx mg the nasal mucosa, is xxell 
bikexxise strong emotional disturbances not iiifrequentlx are 
jJ^^P^hied bx bronchosp ism Ihe soKialled sexual asthmas, ^ e, 
iQu attacks xxhich folloxx disturbance of the sexual apparatus 
more ^ regarded as m irufestations of reflex stimulation That the 
jjj attacks of asthmatic women regularlj coincide xxith their 

rucil periods is a fact of common clmicul observation To what 
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along the rcspirnton tract, sustain a pcculinrlj intiiimtc functional rela 
tionship to the rcspirator\ center llic commonly ohstiacci ph\siologic 
effect of afferent \ngus stimulation is iiispinitori inhibition If both aapi 
are cooled until thej cc isc to conduct iiispinition is both lengthened and 
deepened probablj due to the al):>cncc of inhibitorv impulses, expiration 
IS not appreciably altered A like result mas be obtainctl b\ extirpation 
of the inferior colliculi Bilatcml \ngotomv combined ^Mtll this operation 
results m inspirator\ spasm The inferior colliculus npp ircntK includes a 
center ^\hlch exerts an inhibitory influence on the rcspintory center and 
functions coiiciirrentU with Migus stimulition 

Section of both Migi in the nock alone ^lnmctlmtcl^ alters the character 
of the respirators moxements llic rate is retardcxl, the amplitude is 
increaseil, inspirations become longer and deeper and are follow c<l by an 
appreciable pause Section of on1\ one \ agus max result in an intermediate 
effect t e , the rcspiratorx rate is rotnrdcil soincwliat and inspiration m 
slighth deepened It max be nssutneel therefore that some influence 
which normalK maintains the rcxpiratorx inoxcments at n more rapid rate 
has been cut off This influence consists m the tonic action on the respira- 
tory center of impulses conductwl bx the afferent xngiis fibers wlucli are 
distributed to the lungs It constitutes one of the major factors m the 
niiuntenance of normal rcspimtorx rlixthin ^^^len tliesc xngiis fibers arc 
sexered the rcspirxtorx center drops into n slower, unregulated rhxihm 
Expansion of the nlxooli during inspiration gixos rise to xagus impuNcs 
which depress the respiraton center and result m inhibition of inspiration 
(Hering and Breuer, 1808) Acconling to Fintlioxcn (1908), the collapse 
of the lungs on expiration gives rise only to xerx weak action currents m 
the xagus nerxe In experiments dcsigncil to rex cal the relations of im- 
pulses m the pulmonnrx branch of the xagus to the phases of rcipiration 
Partridge (1933) obtained no evidence that cither normal or artificial 
maximal deflation of the lungs stimulates the pulmonarx vagal endmgs 
but inflation of the lungs initiated afferent impulses The frcqucncx of 
these impulses increased during the period of cx-pansion of the lungs The 
increase was relat«l to the volume of inspiration but was independent of 
the rate of expansion of the lungs Obx lonsix , inspiration requires no 
xagus stimulation, but is the naturil function of the respiratorv center 
Cessation of the inhibitorx mfliiencc of vagus stimulation probablx is 
sufficient to release the inspiratory impuKes which are held in abeyance 
during expiration The increase in lung x ohirae during inspiration initiates 
impulses which inhibit the iiispiratorv center thus limiting the duration 
and amplitude of inspiration 'fhe decrease in lung v olume during expira- 
tion tends to limit its duration and amplitude due to remoxal of the 
stimulus which initiates the inhibitorx impulses (x in \oorthingsen and 
Braak, 1936) 

Stimulation of the centr xl end of the dix ided \ agus affects tlie respiratory 
center max ariety of w ay s depending on the strength of the stimulus and 
the condition of the center Sitdi stimulation usually inhibits the respira- 
tory movements partially or completely, resulting either m smaller move- 
ments or complete cessation of respiration with the thorxx m the condition 
of passive expiration On the other hand the rate of the respirator^ 
movements may be increased until respiration ceases w ith the tliorax m 
an inspiratory position and the inspiratory muscles in a state of tetanic 
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contraction These t«o main effects of stimuht.on of the centnl end of 
the \ icus hi% e been mterpreted ‘\s indicating that the afferent a agus 
fibers nhich are distributed to the lungs art of two kinds, each of nhich 
has a specific effect (a) iuspirator\ fibers, nhose influence tends to increase 
the rate of respiration b> increasing the rate of inspirator^ discharge from 
the respiraton center, and (&) e\pirator\ (or inspiratorj mliibiting) fibers, 
whose influence tends to retard the rate of respiration bj inhibiting the 
inspiratorc discharges from the respiratoia center either partialh or com- 
pleteh The results of Adrian’s (1926) studies in\olving measurements 
of the action currents, seem to indicate but one t\ pe of afferent a agus 
fibers to the lungs, which are stimulated b\ pulmonary inflation but not 
b\ deflation Keller and Loser (1929) ad\ance<l certain data which seem 
to indicate that the same afferent fibers mai be stimulated in ^^^\lng 
manner and intensity b\ the s at\ ing deformations of the lungs According 
to Hammouda and 'Wilson (1935), the fibers in the pulmonarv branches of 
the \agi which conduct impulses, which excite the respiratory center are 
of smaller caliber than those which cowhict impulses which inhibit this 
center Their ex-perimental data support the assumption that augmentor 
impulses are constantU reaching the respiratory center from the lungs, 
but inhibitory impulses arc not initiated at or below the Ici el of normal 
expiratori expansion Ihei Ime rcgirded the retardation of the respin- 
torv rhythm following \agotom\ as due to tlie absence of augmentor 
impulses, 

Data obtained in a later experimental study reported by Hammouda, 
Samaan and ilson (1943) support the assumptions tint both re&piratory 
accelerator and respiratory inhibitory \agiis afferents conduct impulses 
from receptors located within tlie tissues of the lung', and that all reflex 
changes in respiration which accompany inflation or deflation of the lungs 
are elicited by impulses arising m tliese intrapulmomr\ receptors They 
do not support the point of xieyy ad\anced b\ Hess (1930) and Gesell, 
feteffensen and Brookhart (1937) according to which rc'^piratory reflexes 
following inflation or deflation of the lungs are regarded as at least m 
part, due to impulses arising in receptors m tlie tlioracic wall or the dia- 
phragm In the experiments of Hammouda el nl , the inflation and defla- 
tion reflexes were not affected by elimination of all afferent impuLes from 
th( thoracic walls, the diaphragm and the parietal pleura or by section of 
the cardiac branches of the xagi and extirpation of the carotid sinus 
Circulatory changes within the lungs also haxe no direct effect on these 
reflexes These findings do not militate against the theory th it normal 
respiration max be carried out through the respiratory center independently 
of afferent yagus impulses 

Since afferent tagu, stimulation cominonh results in cessation of 
rli\ thmie inspiration, the a agi haa e been regarded as inspirator, inliibiton 
neia es This interpretation does not take account of the expir^ort activ - 
It} frequent!} elicited b} } agus stimulation and its reciprocal inhibitor} 
action on the inspirator} portion of the respirator} center Artificial 
inflation of the lungs, uhich presumabh affords adequate and selectue 
stimulation of the pulmonan stretch receptors mat^result in selectiae 

SHsSSHBreSi 
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neurons m the rcspintory center Jn experiments reported hj Gcsell and 
Hamilton (1941), fnradic stimulation of the xapus ncrscs beginning during 
the expiratory phase resulted m intensification and prolongation of the 
period of expiratory acti\it\, thus presenting the normally recurring 
inspiratory cycles Similar stimulation begun during tlie inspiratory phase 
frequently resulted m intcnsifamg the inspiratory act ssluch immediately 
gave xvay to a sustained expimtorv response Hies, therefore, regarded 
the pulmonary \ngu3, in which propnoccptii c fibers predominate, as 
mainly expiratory I aradic stimulation of the carotid sinus nen e, m 
which chemoroceptn e fibers prc<lomiimtc, m their experiments, resulted m 
a rhythmic form of breathing faster or slower than nonnal, m winch the 
depth of both inspiration and expiration was incrcasctl Since the inspira 
tory action was most pronoimccrJ tfiei rcgardeel this nene as predom 
inanth inspirators 1 aradic stimulation of the saphenous nerse, m which 
nociceptix c fibers predominate m the experiments of Gescll ami Hamilton, 
resulted m a rapid rhytlimic form of hrcithmg m which both inspiration 
and expiration frcquentlv were cqiinlK incrcasc<l m mten5it\ Tlie\, 
therefore regarded the action of sensory cutaneous nciaes on the respira- 
tory center as approximately midw u between that of the sngus and that 
of the carotid sinus neric 

Intermittent faradic stimulation of aii\ one of these nciacs, earned out 
to varv the incidence of stimulation with respect to the phase of the 
respiratory act, commonly resulted in sclcctii c excitation of cither inspira- 
tory or expiratory neurons m the rc»pirator\ center, tlepcndmg on the 
phase of respiratory actuity existing at the moment of stimulation The 
sensitivity of the inspiratory and avpiratory neurons, therefore, seems to 
depend on the prevailing phase of activitv Such selective activation of 
normally discharging inspiratorv and expiratory neurons illustrates the 
principle of precedence of stimulation which, according to Gcsell and 
Hamilton, obtains also for more abnormal conditions of respiration Wien 
respiratory rhythm was abolished and replaced bv prolonged artificial 
expiratory contraction bv v agus stimulation in their experiments, stimula 
tion of either the saphenous or the carotid sinus ner\ c resulted m intensifi- 
cation of that contraction without inspiratory complications Wien sus- 
tained expiratory activ ity , due to intermittent! v interrupted \ agus stiraul v 
tion, was converted into a slowly developing inspiration by intravenous 
injection of sodium cy anide, the rellexogcnic inspir ition w is reinforced by 
ev ery \ agal stimulation These reactions illustrate the selectiv e addition 
of the effects on the respiratory center of tlie tin erse components of very 
unlike afferent nerves This selective summation of impulses arising m 
receptors of div erse types indicates their common action m the respiratory 
center and emphasizes the primary importance of the principle of pre- 
cedence of stimulation (Gesell and Hamilton 1041) 

According to Cromer and Ivy (1933) the central respiratory mechanism 
is sensitized to vagus inhibition by removal of the stellate ganglia In 
their experiments, respiratory deatti was produced in animals with the 
stellate ganglia remov ed by contmuous strong central stimulation of the 
Vagi, a result which is obtained only rarely in animals with the stellate 
ganglia intact unless the anesthesia is very deep They also observ ed that 
impulses of pulmonary origin which enter the spinal cord via the thoracic 
nerv e play a role m the regulation of the central respiratory mechanism 
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In experiments reported b\ Cromer, Young ‘ind (1933), nfrerent 
impulses initiated b\ msuffl'ition of ammonn, \ ipor into the tmchea 
reached the respirator\ center iia both the xngi and the upper thoracic 
ner^es The predominant reflex effect of such stimulation ^^as inhibition 
of respiration, w hich as ma^kedi^ reduced b\ bilateral section of the \ agi 
or bilateral extirpation of the stellate ganglia Bilateral section of the a agi 
and extirpation of the stellate ganglia abolished all the ^esplrator^ effects 
of insufflation of ammonia except a decrease m the air exchange i\hich 1 % as 
regarded as due to bronchoconstnction In ex*periments reported b\ 
Brookliart et al (193G), extirpation of the stellate ganglia, i\ith the \agi 
intact, had no demonstrable effect on liing-aolume-rlnthm reflexes Sub- 
sequent bilateral \agotom\ abolished these reflexes Uhe impulses uhich 
elicit them ob^ loush are conducted by the \ agi 

Normal quiet expiration ma\ be regarded as a purely passi\e process 
The mspirator\ muscles are relaxed and the displaced masses return to a 
resting position due to the force of gra\itj and the nonnal elasticit\ of 
the tissues imolved The collaboration of the lungs themsehes in this 
process is augmented b\ their almost ideal elasticitv mIucIi becomes 
effectne as soon as the intrathoracic pressure begins to rise following 
inspiration On the other hand, under conditions of plnsical exertion or 
dyspnea, passive expiration no longer suffices and exquration, though still 
automatic, becomes an active process 

Pressoreceptive Regulation —The prcssorcceptiv e mechanisms, so im- 
portant in cardiovascular regulation (see Chapters VII and Mil), also 
plav a significant r61e m the reflex regulation of respiration (Ileyanans ct al , 
1926-1938, Hering, 1927, Daiuelopolu and Marcu, 1931, Gollwltzcr-^Ielc^ 
and Schulte, 1931) Changes, in intravascular pressure acting on the 
pressoreceptors m the cardio-aortic zone initiate impulses which influence 
the respiratorv center as well as the vasomotor center An increase in 
blood pressure in the cardio-aortic area elicits reflex inhibition of the respira- 
tory center, or even apnea, lowering of the cardio-aortic pressure results m 
the opposite respiratory response 

A decrease m the cephalic blood pressure and blood flow , due to occlusion 
of the common carotid arteries, produces hyperpnea while an increase 
inhibits the activitv of the respiratory center These results have been 
interpreted bv some as indicating that the activ itv of the respiratory 
center is regulated bv changes in its blood supply but, as Pagano (1900) 
pointed out the activ itv of the respiratory center is altered much more 
profoundly following occlusion of the carotids than following occlusion of 
the V ertebral arteries although the latter are more important for the blood 
supply of the brain stem Data adv anced particularlv bv Danielopolu 
(1926) Hering (1927) and Koch (1931) support Pagano’s conclusion that 
the effects on the respiratory center of changes in carotid blood pressure 
are due to nerve impulses conducted by the carotid sinus nerve Blood 
pressure changes m the aortic arch likewise influence the activity of the 
respiratory center A rise in mtra-aortic pressure elicits reflex respiratory 
inhibition ev en apnea, a fall results in reflex hy perpnea A enous pressure 
also mav influence respiration reflexly In experiments reported bv Har- 
rison et al (1932) an increase m pressure in the vena cava and the right 
atnum elicited reflex augmentation of respiratory activ itv, ev en hy perpnea 
Experimental data reported by Partridge (1939) support the assumption 
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probably arc contintmH> active under nnv circumstances compatible with 
life Most of tlicin prolnblj become active onlj when tlic stimulus level 
IS increased With inert ^slng concentration of the stimulating agent, tho>>e 
already activ e become incrtasinglj efftttiv c and more and more other ones 
begin to discliargc impulses As dtftmnncd b> Schmidt and Comroe 
(1940), the quantum of incrcisctl reflex activ it> required to elicit a ineasur 
able increase m effector response corresponds to the measured tlircsholds 
Once large numbers of receptors arc involved, a furtlier increase m the 
stimulus results in a greater res|)onsc than was elicited previouslv bj a 
similar increase, due to the greater niiinbcr of receptors involved m each 
increment Ihe number of tbemorcteplors which are continuallj active 
under conditions of rest probabU is reliitivcK small Lmlcr these condi 
tioiis their phvsiologic sigmficince also w slight Wiethcr some of the 
cheinorcccptors respond to one stimulus and some to another or whether 
all respond to the same stimuli as v ct is iinknovv n 
Modified Respiratory Rhythms — Under nomni phvsiologic conditions 
vagal end organs arc stimulated bv distention of the lungs., thus bnnging 
about reflex deflation, wbieb is follow «! bv tlic inspiraton act (Ilcnng 
Briier reflex) Either inflation or deflation of the lungs results m changing 
the vagal impulses so that the opposite phase is cucoungcfl \ffcifnt 
vagal impulses thus plaj a roU in regulating tlic length of each phase and 
consequently, exert an influence in the control of the rcspimton rhvthm 
\Yhcn inspiration is forced for a few minutes, tlic desire to bre ithe again 
maj not be experienced for tbrceK|tmrtcra of a minute or longer A con 
dition of apnea exists winch \'> followed bv frcfpicnt shallow breathing 
but the normal rhvthm is gradiinllv rcatorcil VngnI impubcs arising in 
the lungs arc not the major factors m this reaction, since ov erv entilation 
produces apnea m animals m vvliicli the pnlinonorv branches of both v igi 
are interrupted Ihc apncic paii^c probablj is due mainlj to excessive 
elimination of COj from the blood, winch affects both the respiratorj 
center and the peripheral cliemorcccptors 
Ov erv entilation of the lungs bj an increase in the volume of nir brevthed 


(hjperpnea) maj be brought about bv impuUes reaching the respiratorv 
center from the cerebral cortex the Iivpothahmus or tlic penplierv Con 
ditions which increase the demand of the tissues for oxvgen, e tj , muscular 
exercise are particularlj effective Since the rcspiratorj center is refativ el) 
insensitiv e to lack of 0 x 3 gen m the blood, hj perpnea mducetl bj muscular 
exercise probably is essentiallv rcflcxogenic Associated changes, in the 
CO content of the blood also exert a direct effect on the respiratorv center 
Periodic breathing, e g , the Chevne-Stokes tv^ie, is characterized bv a 
period m which the individual respirations are shallow and slow at the 
beginning but gradually increase in depth and rate to a maximum and then 
subside until thev finallj cease for a short time This, inv oh es an mterv al 
of activ ation of the respirator) center follow ed bv an mterv al of depres 
Sion The oxj gen lack is intensified bj the shallow breathing during the 
depressed state of the respirator) center This acts as a stimulus to the 
chemoreceptors and probably increases the sensitivitv of the respirator) 
center to CO The respiratory movements increase in vigor but subside 
as the CO 2 tension is reduced Keduction of the CO 2 tension of the blood 
below the lev el at which the center is stimulated results in the temporar) 


V 
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apnea, which m turn increases the owgen lack and p^e^ents the elimmi- 
tion of CO Thus the center is stimulated iiid the rcspiritorj lno^ ements 
are reestablished but cease again when sufficient O has been absorbed 
and sufficient CO 2 " eliminated to pre\ent further excitation of the center 
Under normal plnsiologic conditions, an\ sudden decrease in the CO 
tension of the blood suppKing the respirator\ center is prexented b> the 
store of CO which the bod\ holds in the lungs and the tissue fluids Anj 
sharp increase in CO tension is prexentetl due to the buffering of the 
excess CO bx the ti<5sue fluids 

Respiratory Reflexes from the Upper Air Passages —Stimulation of the 
sensorj fibers supplxing the iiasd mucosa (trigeminal) bx injurious or 
irritating gases elicits reflex inhibition of respiration A simil ir effect max 
be obtained bx stimulation of the sensorx fibers supplxing the pharjnx 
(glossopharx ngeal) Indeed, exerx act of sxx allow mg elicits temporary 
inhibition of respiration through the glossopharx ngeal nerxe Mild irri- 
tants and odorous substances also elicit reflex modification of the respira- 
torx raox ements According to Allen (1929), inhalation of such substances 
commonly causes either a lowered rcapiratorj pliase and an increase in the 
rate of the excursions or a deepened inspiratorx phase and a decrease in the 
rate of the excursions The reflex responses to disagreeable odors and mild 
irritants commonlx are stronger than those to agreeable ones Odorous 
substances which arc not irritating elicit no reflex respintorx responses in 
anosmatic subjects Tlie reapiratorx response to odors is mediated through 
the olfactorj reflex sxstem The reflex inhibition of respiration elicited bj 
stimulation of the sensory fibers distributed along the upper air passages 
max be regarded as a reaction xxhich automaticallx protects the lungs from 
injurious gases The protectixc chancter of tins reaction is exidenced bx 
the fact that reflex closure of the larxnx occurs simultancouslx xxith the 
cessation of respiration and, if the stimulation is strong enough, the bron- 
chial musculature also contracts, so that the passage to the alxeoh is made 
still more difficult Although this reflex cessation of respiration is onix 
temporary it is automatic and affords at least a short interxal before the 
inhibition is broken through bx the increasing irntabihtj of the respiratory 
center, during which the indixidual max escipe from a dangerous locality 
In certain animals, e g , certain of the water birds, reflex inhibition of 
respiration may be maintained for relatix elx long mterx als This undoubt- 
edly is a special adaptation of the reflex to meet the requirements of dix mg 
The reflex coughing caused by irritating gases or foreign bodies which 
enter the larynx may be regarded as an automatic but purposeful attempt 
to expel the stimulating object In the act of coughing, the rima glottis 
which shortlx before was closed is forced open bx a sudden explosixe 
expiration This inxolxes not onlx reflex inhibition of the inspiratory 
mox ements, but also reflex excitation of expiratory mox ements of a peculiar 
type The coughing reflex may be elicited b\ stimulation of the xagus 
fibers distributed to any part of the respiratory tract (Staehelin, 1914) but 
is not elicited from all the areas of xagus distribution m the respiratorx 
tract with equal facility Stimulation of the deeper parts of the larxnx is 
most effectixe The facility with which this reflex is elicited gradualh 
decreases, approaching the smaller subdix isions of the bronchial tree It 
also IS rarely elicited by irritation of the pharynx and the base of the 
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tongue On tlie other h uhI, the coughing reflut iim\ he clicitccl hj fatun- 
ulatjon of tlic iifFtrent ^ ngus hht n supply mg \ nrioui x tsetr it organs, e ij 
the lixer ami spleen It lI^snlsol>ccn ohsen wl cImicilK that uinltr certain 
conditions irritation of tlit parietal picur i thciW tlie coughing rtfltx 

Sneezing also tnaj be rcgartlctl as n protective ruspiraton reflex In 
tins instance the posterior imrts just prcviouslv ciostti !>> eontraetion of 
the superior constrictor imiscles of the plmrv il\ is forcctl open hv explosive 
expiration llns rcfkx is elicited most cominontv b\ stmniJation of the 
afferent fibers (tngciniim!) suppKing the imsil cpithehinn It serves to 
remov c mucus or otlicr extraneous matter from tlie nasal mucosa 

Other Special Respiratorj^ Reflexes awning js in part a respiratorv 
reaction vvliieh itmj he rtgvrdcvl as a tv|H. of indirect vascular reflex vviucfi 
serves the purpose of improving the circiilatiori (Ilcgelsbcrger i02i) 
Simultaneous stretching reflexes not tineoinmonh aid m this process The 
stretching and v innmg reflexes, nieonhng to Dumpert are intiniatcJ) 
associated m their phvlogenctic ongtn Man, therefore, is aWe onlv bv 
practice to sep irate these t« o reflexes and to suppre*ss the stretching reflex 
ontirelv It is interesting to note m this connection that not imcommonh 
in cases of hcmipligm v aw nmg is accoinpanieal bv forced stretching mov e* 
ments in tlie panijroil hmhs ^Ihis s«ggcst^ the primitive origin of the 
reflexes and their meorjKirvtion m the reflex pattern of the older parts of 
the brain Jlic frwpicnt oocurrince of pawning in ca-scs of bram tumor and 
encenliihtis also suggests tlic primitive ongin of this refiax 

Smbing, laughing and uetpmg mvoKe fortetl automatic movements, 
particuhrlj of the hrv n\ and diaphragm, which affoet ria»piration and are 
coordinatcil with tlie movements of expression ihese reflexes are elicited 
bv emotional St vtes Although m iiio^t mst mees thiv miv be inhibited 
voluntanlv in greater or less degree, thev are camcti out tlirough centers 
which are essentnlij automatie 

Hiccough is a respirator) reflex which is piinlv nuUnmtic and, m most 
instances not subject to voluntarv mlubition Tlie fnniihar phonation 
aceompanv mg this reflex is insjnritorv It is caused b) suction of air past 
the just closing vocal folds l»v spastic contraction of the diaphragm The 
di tphragmatic mov ement consists cssentnljv of a short sudden beat The 
afferent impulses comraonl) art conductcvl bv afferent fibers in the plirenic 
nerve but the stimuli which elicit this reflex are ob»cure Hiccough maj 
arise without am apparent cause and persist for a short ora long interval 
Hiccough of short duration max be regarded ns a harmless ilisturbanee of 
respiration but when it persists for a rehtivclv long time, ns it not infre- 
quentU docs m certain pathologic conditions it becomes a matter of grave 
clinical importance because of its effect on the general phv steal condition 
of the patient 

Hiccough not mfrequentl) is caused bv irritation of the phrenic nerve 
It occurs tommoiiK m eases of aortic aneurism carcinoma m the region of 
the root of the lung an<l in all affections of tlie diaphragm It occurs 
frequentl) also in cases of peritonitis and carcinoma of the storaich, hver, 
kidnev or adrenal gland It has Uso been reported m operations for hernia 
It usuallj IS a reflex phenomenon Regelsberger (1924) has pointed out 
that the stimuli which ehcit this reflex ma> arise throughout the entire 
area of distribution of the phrenic nerve and the sjmpathetic fibers con 
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nected ^Mth this none The phrenic nene ^ndolIbte<ll^ ph\s i mijor 
role in the 'ifferent conduction of these impulses 
In certain exses, hiccough nnses not ns n reflex phenomenon but ns n 
result of stimuli arising in the blood, c j; , in enses of uremin ncctonemin 
nnd \ enous stasis in the region of the mediilln oblongntn In such cases 
certain cells m the bnm stem probnbh react to toxic sub^t^nces m the 
blood Hiccough inns also nri'^c ns a result of psxchic disturbance^ md m 
cases of org uiic diseises of the central ner'ous s\stem The existence of a 
special center in the brain xxhich mediates this peculiar respiratorx phe- 
nomenon seems improbable It prob ibU is carrie<l out through the general 
respirdtor\ center 
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INXTmATION or THF DIGI^IRT lURC 

Extrinsic Nerves —Pharynx — TJic plmrvnx dcrn es its inncn ntion from 
the glossoplnr^ nficil, \'igus and s\nnp'ithctic nencs Tlic glossopharyn- 
geal supplies inaml\ the upper portion the pharyngeal branches of the 
\'\gus, the niuldle niul lower portions ^^hcre the branches of the glosso- 
pharyngeal and vagus meet thev enter into a plexus fonnation which, 
together with some of the svrnpathctic rami supplying the pharynx, con 
stitutes the pharyngeal plexus Tlic sympathetic supply to the pharyTtx 
IS derived mamlv from the superior cervical ganglion Some of the sym 
pathetic fibers enter the pharyngeal plexus through scpinitc svinpathctic 
rami, others become incorporated in the pharv ngcal bnnclics of tlic vagus, 
before reaching the plrarvnx and join the plaxus with thoc nerves Still 
others pass directlv to the phary ngeal iniiscnlature w ithoiit taking part in 
the plexus fonnation Tlic majontv of the svTupathctit fibers scan to be 
distributed to the lower portion of the pharynx 

Esophagus — llie esophagus is inncrvntal tlirough the vagus and sym 
pathetic nerv cs The \ ngus supply to the cerv ical portion is dcriv ed from 
the recurrent none through parallel branches winch enter the esophageal 
wall In general, these branches neither cross tlie medial plane nor enter 
into a plexus fonnation In the thorax, lioth v agi he in close proximitv to 
the esophagus and suppU branches to it Two or three branches of the 
right V agus commonly jom the left at this level Ihc distribution of cveh 
vagus nerve to the thoracic portion of the esophagus is not confined to its 
own side but each nerve also sends branches to tlic opposite side Tlie 
left V agus supplies mamlv the anterior surface and the right v agus mamlv 
the posterior surface of this portion of the esophagus 

The sympathetic nerves supplying tlic esophagus arise mainly from tlie 
inferior cerv ical or stellate ganglion Some fibers arising in the cerv ical 
sympathetic ganglia also reach the esophagus through communications of 
the sympathetic cardiac nerves with die recurrent branch of the vagus 
One or more rami arising from the stellate ganglion join the recurrent 
nerve, others either join the v agus trunk or pT^s directlv to the esophagus 
Some of the thoracic rami pass directly to tlic esophagus, others join the 
aortic plexus and supply fibers to tlie esophagus tlirough this plexus The 
lower portion of the esophagus also receiv es sympathetic fibers v la the 
plexuses on the left gastric and inferior phrenic arteries (Mitchell, 193S) 
and via the greater splanchnic and occasionally tlie lesser splanclinic nerv e 
In the posterior mediastinum, the sympathetic nerves and tlie vagi with 
their intercommunicating branches constitute a plexus surrounding the 
esophagus (esophageal plexus) Brandies arising from this plexus pene- 
trate the esophageal wall 

Stomach —The stomach like the esophagus, is mnerv ated tlirough the 
vagus and sympathetic nerves From tlie esophageal plexus both vagi 
continue onto the stomach where each commonly breaks up into a left, a 
middle and a right division As the left vagus passes downward over the 
anterior aspect of the stomach, its left division supplies branches to the 
(216) 
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fundus> and approximateh the upper thirds of the corpus, its middle 
dvwsTOw suppliers the prcpv lone region, its right di\ ision p xsses to the li\ cr 
As the right \ agus passes doi\ nw ard oa er the posterior aspect of the stom- 
ach, Its left dn ision supplies the cardia tlic leaser cun ature and i greater 
or lesser portion of the corpus, its middle duision supplies the prepvlonc 
region, its right division joins the right celiac ganglion Not infrequentU 



Fig 52 — DngTammatic illustration ol the extnn«iic nerves of the pharvnx 
e oph8gu» and stomach 


branches of both \ a|i anastomose and form a plexus at the right side of the 
cardia from nhich fibers are supplied to the cardiic region In tlie pre- 
ps lone region branches of the middle dnision of both xagi enter the 
hepato-gastrie ligament ^ 

celIt"pS‘*‘ roainh from the 
The I . ^ the xanous gastric arteries 

the proxima! portion also receixes sympathetic fibers from the left and 
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ottasioinIK the npht phruuc plexus, tlie left gastric plexus and the hepatic 
plexus (Mitthtll 10-10) A few nnn nnsing^from the upper lumbar 
seRinents of the feSTiip ithetic trunk alw* join the stomacli In the hepato- 
gastric ligament, s\mp ithetic filters dcrn«! from tlie cclnc plexus mingle 
V. ith \ agus fibers is both approach the stomach '1 liesc fibers do not foim 
m intneate plexus hut, m gtneml tmmllcs of \agiis and sympathetic 
filxra he pirallt! to one another 'Jhc fibers deri\ctl from tlic hepatic 
plexus also traxcrsc the hep itogastric ligament Mitchell (1910) proposcfl 
that the“se fibers he dtsiginttxl the hepatogustne ner\ 

In the dog according to Bildmm 
and ^^cl\cr (1911), xisceral afferent 
coinpontnts of all the spinal ner\cs 
from the eighth tlioricic to the thir 
teciith rtaeli the stomacli an the 
splattchme ner\es In some instances 
afferents from the stomach enter the 
spmnl cortl ns far teplnlnd as the 
fourtli thnmcic nerve and m some 
as far taudnd ns the second or third 
lumbar 

Small Intestine -~'11ic small mtes 
tme like the stoinich is mnervated 
tlirough lioth \ngus and svanpatliclic 
nerves Hie vagus siippl) is derived 
mnmU through the div ision of the right 
V igiis which joins the celiac platus 
Tlic sympathetic fibers arc derived 
inntniv fnun the celiac and superior 
mcMnUric plexuses Both sets of 
fibcM eiiUr the small mtcstmc through 
the mcMinterK nen cs w hicli, in general, 
accompany the mesenteric artenra 
^ agus and ‘iv mpathctic fibers can be 
distinguishetl from one another bj 
difference's in caliber and their distn 
bution m the intestinal wall Mter 
leaving the echac plexus the vagus 
fibers form bundles which either t^e 
independent courses m the mesen 
terj or accompanj the larger blood 
vessels and usually enter the mtes* 
tinal wall with the latter The> pene- 
trate tlie subserosa and longitudinal muscle lav er and enter the raj enteric 
plexus Some extend farther toward the mucosa and enter the submucous 
plexus The svmpithetic nerves m general, are more intimatel> asso- 
ciated with the mesenteric vessels The^ anastomose freelv in the sub- 
serosa Alost of the fibers enter the intestinal w all m close association with 
the lirger vessels others form a plexus m the subserous laj er The latter 
probably are mamlj general visceral afferent fibers 
Large Intestine —1 he cecum, vermiform appendix and ascending and 
transverse portions of the colon are innervated through nerves which arise 



Flo 53 —Diagram illuatrating tlte 
distribution of sympathetii. and pani- 
ejmpathptjf nenca to the atoraach and 
intestine 
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In the hrgc uite'^tiue, the enteric pleMises. exhibit the simc gener-il 
pi-^n of structure is m the sinn.!! mttstme (Schmidt, 1931) In tlic ginnc'i- 
piR the g'\ug\\^ of the w^ enteric plexus are aggregated beneath the longi- 
tuilmal Tousck hands (t-eun coU) to some extent, lca^ mg the intcn ening 
longitudinal zones nitli rehtiicK feu ganglu (Irvsin, 1931) I he rectal 
portion of the m\ enteric plexus is pirticularh nch both in fibers ana 
ganglia It terminates abruptU at the lescl of the mternal sphincter, to 
uhich it supplies efferent filiLra According to OttaMani (1940), the rectal 
cblumns are ibundinth inneriated through nenes uluch include m\inl% 
fibers of som itic tipe The mneriation of the internal and external anal 
sphincters, according to his findings, imoUcs a common plexiform struc- 
ture u Inch includes main fibers of somatic ty pe 



Fig 5C — \ gjnglion m the mj enteric plerus drann from a tansontisl ticction of the intestine 
of the dog (pyridme jsilver) 

The enteric ganglia and their constituent neurons are not uniforrah 
ibundant throughout the digestne tube but larv uithm a reIatneJ> wide 
range both in the mi enteric and tlic submucous plexus The numbers of 
ganglion ctHs per sq cm in the mieutcnc plexus it successiie lei els in 
the digestiie tube of the guinea-pig, as determined bi Iruju (1931) shon 
i rapid rise from the middle third of the esophagus to the pi lorus, then an 
abrupt fall m the upper third of the small intestine another marked rise 
in the upper third of the colon and a more gradual rise from this lei el to 
the anal sphincter (Fig 55) These findings haie been corroborated bi 
those of 2iIatsuo (1934) 

Actual counts of ganglion cells m the submucous plexus are not ai aihble 
As sUted aboi e this plexus includes no ganglion cells in the esophagus ind 
Tclatueb fell in the stomach Ganglion cells are present in considerable 


224 


I^^En^ ^TIO^ OF Till DiarSTIVI TUDF 


abundance throughout the small intestine and, according to ^luller (1924), 
m greater ibundance in tilt large intestine, particularly the rectum 
The Kntenc Ganglion Cells — IVFost of the enteric ganglion cells are multi 
polar, hut bipolar and unipolar neurons nli^i lm\c been described m the 
enteric plcMises (IIill, 1027) On the basis of \crv direful histologic 
studies, based mainly on Ihelchowsk\ prtpanitions of the intestine of man 
and otlicr mammals, Muller (1911) concluded tint the entcrit ganglion 
cells differ sufllcientlj in their morphologic characters from the neurons m 
other parts of the autonomic sastem to set them off ns a distinct t\ift. 
Ihis diffcrece invohcs the sire and general structure of the cell l)od> lft>3 
than the character, arrangement and distribution of the dendrites, and the 
relation of the ganglion cells to the adjacent tissues In a more recent 
stud> imohmg measurements of the dimensions and coinpanson of the 
form and general structure of the cell bodies of neurons in the entenc 
ganglia and those m the ganglia of the sympathetic trunk Johnson (192o) 
found no morphologic difTcrcnces by ^hich he could clearK differentiate 
the former from the latter Ihs studies did not take into consideration 
the exact arrangement and distribution of the dendrites 

S.ccordmg to Muller, tlie m\ enteric plexus includes ganglion cells of 
tuo ty pes Those of the one ty pe he quite frc'c in the mtcnnuscular spaces, 
those of the other sustain a pcciiharh intimate relationship to the mu«cle 
In sections of a flattened piece of intestine taken m the plane of the myen 
tone plexus, tlic cell bodies of the former t\pc usuallv appear rounded in 
outline and their dendrites, uhich arc relatively broad at tlic base taper 
distallj and radiate in all directions, ma\ be traced for some distance 
from the cell bod\ In some instances, ilcndritcs of neurons of this tspe 
tennmate in foot-likc cnlaigcments m contact with the adjacent muscu 
lature Not infrequently a single process probablv the axon raa\ he traced 
into the muscle Tiie neurons of the ! ittcr t\ pe usually he in close 
imity to the musculature The cell bod\ commonly is elongated or pym 
form and lies w ith its long axis parallel to the adjacent muscle It usuallv 
giv es rise to relativ ely large cone-shaped proces'tes at the side toward the 
mhscle Tlicsc p^oce^ses, some of which give rise to terminal branches, 
terminate in small foot like expansions m direct contact with muscle cells 
Ev ery ganglion cell gi\ es rise to one longer process w Inch Muller regarded 
as the axon Not infrequentlv one of these ganglion cells mav be observed 
m a slight depression m the muscle at the peripliery of the ganglion Cells 
of this tvqje, as Muller suggested, are of peculiar interest due to their 
intimate relationships, through their short dendrites, to the musculature 
They are less numerous than those of the other tyqie i\luller emphasized 
the relativ ely large number of dendntes arising from some of the neurons 
m the myenteric ganglia, and stated that a process can frequently be traced 
from one of Aese neurons into a fibrous ramus w hich runs from the gang 
lion in question to a neighboring one 
Accordmg to Hill (1927), the neurons in the myenteric ganglia in general 
conform to Dogiel’s Types I and II Those of Tyqie I are characterized 
by short dendrites and those of Type II by longer dendntes According 
to her observations, the neurons of Type I are easily recognizable in sih cr 
preparations due to their intense staining reaction and their superficial 
position m the gangha Their short dendrites not uncommonly form 
brush-hke arborizations on the neurons located deeper and more centrally 
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m the ginglia More nrch the longer dendrites of tiie neurons of T^ pc I 
ramifv around the cell bodies of the more centrally located neurons or 
mingle with the fibers in the intercellular plexus The axons of these 
neurons, according to Hill, can in some instances be traced for a relati\eK 
long distance through neighboring ganglia and fiber tracts, but the\ 
generally disappear among the fibers of the intercellular plexus She uas 
unable to trace axons of neurons of T\pc I cither into the musculature or 
outside the mx enteric plexus, consequentU , she did not regard these cells 
as motor in function, but suggested tint thej mav be associate e 
The neurons of Tx pc 11, according to Hill, are larger and more x amble 
than those of T. x pe I Altliough most of them arc multipolar, she regarded 
the bipolar and unipolar neurons observed m her preparations as belonging 
to this tXT)e The dendrites of these neurons arc rclntix elx long and branch 
freelj Thex commonlx extend into a fiber bundle related to the ganglion 
of origin, and can frequentlv be traced for a rchtixeix long distance She 
could distinguish betxxeen dendrites and axons of neurons of this txpe 
onlx bj their terminations The dendrites commonlx terminate in neigh- 
boring ganglia The axon exentualK passes into the musculature, xxhere 
it terminates in relation to muacle cells On the basis of these findings, 
she regarded the neurons of this tx^pc as motor in function 
Van Esxeld (1928) described the neurons in the m\ enteric ganglia in 
the cat as conforming almost pcrfectlx to the tuo txpes of ganglion cells 
described b> Dogicl He also obscrxctl ganglion cells of the same tj'pes 
imbedded in the circular muscle m the intestine either singK or m sm ill 
groups These occurred most commonlx near the mescntcnc ottichment 
Stohr Jr (1930) hkexxise recognized neurons m tlio m\ enteric plexus 
which conform morphologically to Types I and II of Dogiel but found no 
reason to regard tliem as functionallx distinct Ito (193C) described 
ganglion cells of three types, in the human appendix, on the basis of their 
intimate cvtological structure and staining reactions but attached no 
functional significance to the difference^ obserx cd He found no significant 
cjtological differences between the ganglion cells m the mx enteric plexus 
and those in the submucous 


The length of the axons of the enteric neurons and their longitudinal 
distribution cannot be dettrminefl bx direct histological obserx ations In 
an extensixe phxsiologic inx estigation using the isolated intestine of the 
fowl Nolf (1929) found that nicotimzation of a segment 8 cm or oxer in 
length abolishes longitudinal conduction m the mx enteric plexus On the 
basis of this and other experimental obserx ations, he concluded that the 
rox enteric neurons in the intestine of the fowl are approximately 8 cm in 
length and that the mx enteric plexus includes longitudinal conduction 
pathways made up of intrinsic neurons xxhich sustain a sxnaptic relation- 
ship to one another He also adxanced certain evidence which he inter- 
preted as indicating that the axons of some of the enteric neurons dixide 
dichotomously , sending one division omlward and the other aboralxxard, 
the former being approximatelx 4 5 cm , the latter ipproximatelv 8 cm 
in length These findings hax e not been confirmed by later mx estigations 
According to the findings of most mxestigitors, the enteric ganglion 
cells are not enclosed in pericellular capsules In the stomach and in- 
testine according to Grexing (1920), numerous cells with small rounded 
nuclei and no apparent processes he scattered between the ganglion cells 
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throughout the gflughjv hvjl do not forni pcrjccUuhr c'tpsrilcs Cells of the 
feime kind nUo occur in the fiber bundles connecting the nn enteric g-ingln 

In the submucous plexus m the intestine, the neurons arc more com 
pictlj nggregnted in tlic gnnglm thnn in llic wvcntcnc plexus llicv are 
also less angular m outline, except in instances in ■uhich tlic^ seem to be 
pressed together in the gnnghonic mass Tlie dendrites of most of these 
neurons are rclati\cl\ Jong and frixjutnth max lie tmcwl Ijcsond the 
borders of the ganglion into the fibmiis mini In most instances it is quite 
impossible to distinguish between the axon nnil dendntes in this plexus 
According to Hill (1027), tlie submucous plexus includes onh neurons of 
Dogiel s Fxpe If Stolir, Jr (1010), on tlie contmrx, rccognizexl neurons 
of both Ixpes I and 11 of DogieJ m this plexus 'Ihc fact tint nian\ of 
the neurons w the submucous plexus sent! their dcmlntt'S far bexond the 
confines of the ganglion in whicJi the cell i>od\ is located ns will he pointed 
out below has nn important liearing on tlic interpretation of the functional 
relationships of tlicse neurons 

rcncellulnr capsules Inxc not been dobcnl>cd m ganglia of the sub- 
mucous plexus hut small cells xxitli roundol nuclei like those desenbed 
abox e ns J\ ing betu cen the neurons in tJic ganglia of the in\ enteric plexib, 
abo are present m the ganglia m this plexus 

The Intercellular Plexus — In the gtngln of liotJi the in>cntene and the 
submucous plexus tliere exists an mtnganglionic fiber complex which b 
made up m part of the processes of the local neurons and in part of fibers 
of extrinsic origin T his filler complex is more ahiiiKlnnt in the mxentene 
than HI the sulmmcoua g vngha In tlic gauglm of either plexus tlic fibers 
of cxlnnsjt origin are mamlx small mimxehintcd fibers winch stam darkh 
m pxndmo&ilxcr preparations lliosc of local onpin mehide lioth large 
and xmall fibers 1 he large fibers represent mamlx the short dendrites and 
the proximal portions of the longer ones The distal portions of the longer 
dendrites, like the fibers of cxtnnsic origin, arc slender and stnm darkl' m 
p^Tidme silxer preparations Ihc large fibers iisuallx run through the 
ganglion m xarioiis directions xxitJiout showing much exidencc of plexus 
formation i he smaller fibore commonJx pix c rise to x erx fine intercellular 
plexuses In experiments reported bj Johnson (1025), section of all the 
extrinsic ntrxes to the intestine or of both xagi below the diaphragm 
resulted m complete disippcarancc of the intercellular plexuses in the 
mjentene ganglia fhc fibers which remamed are clcarlx the processes 
of local ganglion cells TJicse fibers, according to John‘!on dixidc repeat 
edlx and terminate m the adjacent smooth muscle Section of the spl uu^h 
me nerxes alone resulted m no apparent change in tlie mxentene pluxu' 
He, therefort concluded that the splanchnic fibers do not tnter into the 
pericellular plexus in the mjentene {Uiugln In the animals in which 
onlj the xag! xxere cut, there still remained, in addition to the proeesi-es 
of the local ganglion cells, manj small unmx ehnated fibers which John^cu 
regarded as postginglionic sxinpathctic fibers 
The results of thtse experiments seem to indicate that the pencclluhr 
plexuses m the mjentene ganglia which are brought out so well in 
dme>siher preparations are made up of the terminal portions of pre- 
ganglionic xagus fibers Tliej also indicate that the postganglionic sxm 
pathetic fibers xxhich enter the intestm il w all pass through the mj entenc 
pliacus but take no part m the formation of the mtercelluhr plexuses I‘» 
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as seems highh probable, the s\ mpses of preg-xnghonic ^ ith enteric neurons 
are effected through the intercellular plexuses, these findings conform 
fulK to the current teaching that the efferent \ agus fibers to the intestine 
are preg inghonic and enter into sanaptic relationship with neurons m the 
enteric ganglia, nhile the sjanpathetic fibers nhich enter the intestinal 
nail through the extrinsic ner\es terminate in direct relationship to the 
musculature 

According to the aboae mterprctation, a agus and sjanpathetic fibers 
sustain the same relationships to the enteric plexuses as to certain other 
peripheral plexuses, c g , the pulmonarj and cardiac plexuses It dots not 
follon that all the neurons in the enteric plexuses are components of a agns 
efferent chains The great abund mce of these neurons has been empha- 
sized ha a anous ina estigalors, and it has seemed to some quite impossible 
that the preganglionic a agus fibers could effect s\ naptic connections a\ ith 
all of them Langlea (1922) attempte<l to ob\ latc this anatomical diffi- 
culty by postulating intermediate mother cells of a agus origin According 
to his concept, eaery a agus fiber presumabK effects sa naptic connections 
aaith a number of mother cells, each of which m turn effects sa naptic 
connections with a number of other enteric ganglion cells Anatomic 
eaidence for the existence of such intermediate neurons in the a agus 
efferent chains is aa mting 

Hill (1927) did not agree aaith Johnson regarding the composition of the 
mtercellular plexuses in the ma enteric ganglia Slie maintained that thea 
are made up in part of the terminal portions of preganglionic a agus fibers 
and in part of the processes of the enteric neurons This is m full accord 
w Ith the e\ idcnce presented ba her m support of the contention that many 
of the dendrites of the enteric neurons terminate m relation to the cell 
bodies of neurons in neighboring ganglia or adjaci nt neurons m the same 
ganglion, and the conclusion that the axons of some enteric ganglion cells 
teiminite aaithm the maenteric plexus (Ixunt?, 1922) The theora that 
the terminations of preganglionic a agus fibers on enteric neurons constitute 
the only neuron junctions in the enteric ganglia, therefore is no longer 
tenable 


Anatomic Evidence for the Occurrence of Entenc Reflex Arcs —The 
existence of local reflex mechanisms m the entenc neraous system is 
clearly indicated ba abundant physiologic data but the anatomic eaidence 
m support of the assumption that some enteric ganglion cells effect san- 
aptic contacts aa ith others in the same or adjacent ganglia is as y et meager 
^ This assumption is supported by certain anatomic data reported by 
luintz (1922) In methylene-blue preparations of the intestine of the cat, 
an intenseh stained process of one ganglion cell could in some instances be 
traced without interruption to its termination in a pericellular network on 
the lightly stained cell boda of another ganglion cell m the same ganglion 
or an adjacent one Although these pericellular networks resemble aery 
closela those which ha\e been desenbed in other autonomic ganglii and 
interpreted as sy nap<5es, they might still be regarded as pericellular termin- 
ations of dendrites In certain instances fibers which enter the ma enteric 
ganglia from the submucous plexus could be traced to their terminations 
m simihr pericellular networks on the bodie. of hghth stained ganglion 
e Is The possibihta that these fibers represent dendrites is not precluded, 
but It appears more probable that the, are the atons of ganglion cehs m 
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the submueoHs pltMi"? If tl«.> art tlic ftnrnnnlions in question 

must be roRxnled as s\inpscs Since the fibers extcjuj from the s«}>- 
mucoui into the nnenttnt plexus, tlio cannot rnsonabU be interpreted 
as preganglionic fibers of \agus or {.pjtml origin but must be regarded as 
fibers of enteric origin In Iwth the mjtntcnc nml the submucous plexus, 
fibers could be (rnctil from one gnnghon nitliout mttmiption to pcnetl 



Fifa S7 —SubppjtlielnJ plexus Bn<i aen« teaaiaations lA?lnwn the <rithelial * 

T M amall intestine of a new born reblnt (scUcr method of Oo Castro) (Catherine 

.LI Capillary tp epiUieliat cell /cj> tornnnalliratich of ft nerro fiber between 

epithelial cells «e jj| subcpithelial plevus 

lular teiromations of the sune t\pc innughboringgaugb'i Some of thesCi 
oarticulirlv m the mventcric pleNUs might possiblt be interpreted 
sjnapses of pregangbomc xagus fibers nith enteric ganglion cellb The 
Jntercefiuhr plexuses winch, in Johnson's (1925) experiments, undenvent 
degeneration following vagus section and tiiereforc, were regarded bj 
him as effecting the sj napses of the preganglionic a agus fibers with enteric 
neurons are grosser structures and sustain a less intimate relationship to 
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the cell bodies ot the enteric ginglion ce ls thm the pcricdliihr termina- 
tions in question It seems IngliK prolnlile, therefore, tint the latter 

represent srnapstsina oh mg til o enteric neurons 

According to the current teaching, two cntcnc neurons which sustain a 
sinaptie relationship to one another cannot he regarded as terrain il links 
of a a aglis efferent chain 1 hce must t itller be interpreted as coinponcnts 
of a local reflet ire, e\en though the dendrites of the one cannot aetualh 
be triceil to terminations of a recogni/ed sensors tspe, or the esistence of 
association neurons in the enteric plctusts, as suggested be Hill 
must be conceded Of these two ,>osslbihtics the forincr appears the more 
proh ible on aiiatoimc grounds It is ilso supported b\ ahiindant ph\ Bio- 
logic data which w ill be considered below 



Tig 58 — Subepitheliil plexus and ncr%© terminations between ibe epjthobaJ cells of n 
villus in the mall inte tine of the dog (pyridine sdver) (\^ nddcll ) f ep Terminal branch 
of a nor' e filler b« tw een cpitliLlial cells Se pi subepithdial pletus 


The results of the '\ork of Johnson (1925), cited 'xbo\e, failed entire)^ 
to corroborate these findings In bis preparations of the intestine in nhich 
the intercellular plexusts were absent following degeneration of the 
extrinsic nm es, he found no ex idcnce of sx napscs in the inx enteric ganglia 
It max be stated m this connection that the pxndinc-silxer technic is not 
' adapted to bring out such delicxtt pericellular structures as those obserxecl 
'' in our mcthxlene-bJue preparations Exen in these preparations, pericel- 
lular terminations could be obscrxtd onlx on ganglion cells xxhich xxere 
^ stained but lightly Intraeapsular pericellular terminations haxe been 
described in methj lene-blue preparation'? of other sxmpathetic ganglia 
\ As far as xxe are aware such terminations baxe not been obserxed m 
pxridine-silxcr preparations in an\ part of the autonomic nerxous sxstem 
’ 1 urther inxestigition of the relationships of enteric ganglion cells to one 

another especialb bj the use of the methj lencsbiue technic, would be 
lughlv desirable 
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Ncnc fibers of Liitcnc ongm, some of %\hicb prcsumaliK represent 
dendrites, lm\c been traced to the pastro-intcstirnl epithelium, particii 
Inrb in lower ^trttb^ltcs (Dopiil 18% Sibusscff, 1807) In m(.th\lene* 
blue prtinritions of tlic intestine of the cat Kiint/ (I0J2) trae-cd fibers 
from the subinucoiis plesus tliroiiRli tli< miistularis muc-osro into the 
intestin il mIIi where some of them ^verL distribnteil to the imiselc fibers 
whicli extend into the mIIi and others tcniiinatcd in relation to epithelnl 
cells 

The Enteric Nerve Net Theory — Jhcre has lonp hetn a tl^denc^ on the 
pirt of ecrtnin inxestigators to regard the enteric iicrNous s^stcIn as 
composed, at least m part, of ncr\c nets elnraetcrirwl h\ actual proto- 
plasmic eontimntx 1)( tween tlie oiiistitiiont fellnlarclemints Ilethe (ID03) 
and 11 MtilUr (1908) desenhixl the enteric pUxusi*s m the frog as consisting 
of true ntrat ruts I nek Muller (1020) deserihtxl tlie enteric plexuses in 
the Selaclm ns txclusncii sMieatml In n Inter paper (1921), lie described 
the enteric plexuses in Inrds and mninmnls ns consisting in part of sencaiial 
ner%e nets and in part of neurons which do not anastomose with one 
another 

Anastomosing nerxo cells ha\c hceii describc<l h\ Cole (1935) in the 
m\ enteric plaxus m the frog In mcthxlene-hhie prcpantions, these cclb 
appearctl to be conncctexl In brou! pnitoplasmic bands ilie> occurred 
in groups of two, three or four cells and were found both m tlic ileum and 
the rcetum The iicr\ ous nature of these cells seems to be estnblisheci h\ 
the presence of cliromuhal substance In most instances an axon could be 
deinonstritcd for each cell of a given group Cole regarded these anasto* 
jnosingganghonccllsasbclongiiig tothe’samcratigorv nsbinuelearg'inghon 
cells winch arc not uncoinmon iii the mitonoimc ganglia m certain animals 
(Apolant 1890, Carpenter and Concl, 1014) IJc aLo pomtc<l out that 
there is a marked difference between these anastomosing guighon cells 
and those found in the tv pica! invertebrate nerve net In the latter 
axons and dendrites cannot be dilfcrcntintod, the cell processes, are all 
alike In the anastomosing ganglion cell groups dcscnbwl b> Cole, oab 
the dendrites w ere inv olv c(I m the intercellular connections 

In paridme-siherpaparationsof the small intestmeof the dog l^oddell 
(1928) occasionalU observed two ganglion cells m the mj enteric pltxus 
joineei together bj a single fiber In some instances, the two cells joined 
together m this manner lav inproximitv to each other in others tbev w’ere 
remov ed from each other bv a distance equal to sev eral times the diameter 
of a ganglion cell bodv Ills prep irntions also exhibit ganglion cells joined 
together in pairs bj rclativ el> broad protoplasmic bands The latter celb 
like the anastomosing ganglion cells describevl bv Cole m the intestine of 
the frog probablj belong to the simc category as binuclear ganglion cells 
We cannot regard the ganglion cells joined together bj a single well 
differentiated fiber as belonging to the same categorv We do not regard 
these findings as supporting the theorj that the enteric plexuses m mam 
mals are made up e\ en m part of true nerv e nets 

Nerve Fiber Tenrunations —Most of the nerve fiber terminations observed 
in the gastro-intestinal musculature as described bj manv investigators 
conform to the mode which is topical for postganglionic autonomic fibep 
Those which innervate the gastro-mtcstmal musculature in general he 
parallel to the muscle fibers and give nse to numerous brandies which 
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form an intermuscular plexus iVIanx of the data on i\hicli modern con- 
cepts of autonomic end-formations are based ha\ e been obtained in studies 
based on preparUions of the gastro-mtcstinal tract These data are set 
forth at length m Chapter 11 

Afferent ner\e fiber terminations also ha\e been described m the gistro- 
intestmal musculature Nemiloff (1902) and Cole (1925) described ner\c 
fiber terminations nhich appear to be of a sensorj tj pe in the musculature 
of the large intestine of the frog Tliej involve complex arborizations of 
the terminal unmvelinated branches of mjelmated fibers In methvlenc- 
blue preparations, the terminal filaments usuallv are Iightiv stained and 
bear relativelj large varicosities which often stain heavilv Carpenter 
(1918) observed nerve fiber terminations, probablv of a sensorj tjpc, in 
the stomach of the cat and the small intestine of the dog Those m the 
stomach were described as terminal skeins and nets composed of fine 
varicose fibers, those m the small intestine as tufts of excecdinglv delicate 
V ancose fibers These structures probablj represent the terminal branches 
of V isceral afferent fibers As Carpenter pointed out, thev are so situated 
that thev could be stimulated directlv bj contraction or distention of the 
musculature m which the majoritj of them arc located Smooth muscle 
spindles also hav e been observ ed in the esophagus (Grev mg, 1931) 

The subepithehal plexus m the gastro-intestmal mucosa undoubtedlj 
includes terminal branches of general visceral afferent fibers It probablv 
also includes the terminal portions of receptive fibers arising m the enteric 
ganglia Receptive end organs m the esophageal mucosa and submucosa 
have been amplv demonstrated Complicated skcm-like sensorv structures 
also have been observed in the rectal mucosa (Otav lani, 19-10) 

Physiologic Data —Esophagus —The esophagus differs stnicturallv from 
the other div isions of the digestiv e tube m that its musculature is made up 
of both striated and smooth muscle fibers In the dog, the cat and the 
ape, it consists mainlv of striated muscle but includes some smooth muscle 


m the distal portion In man, the transition from striated to smooth 
muscle takes place in the upper thoracic portion of the esophagus, begin- 
ning somewhat higher in the antenor than in the posterior w all 
The chief function of the esophagus is illustrated b\ the swallowing 
reaction, which maj be initiated as a voluntarj act, but becomes reflex 
during Its execution Voluntarj initiation of the act of sw allow mg requires 
the presence of liquid or solid matter in the pharvnx In the absence of 
food or other foreign matter, a little saliva is passed backward by the 
tongue which serves as a mechanical stimulus for the initiation of the 
reflex reaction Voluntary deglutition is impossible when the mouth is 
entirelv free of saliva The swallowing reaction also mav be elicited as a 
pure reflex^ stimulation of certain areas of the mucosa of the mouth and 
pharv nx These areas v arv somewhat in different animals but the afferent 
impulses involved are conducted bj fibers of the trigeminal, glossopharyn- 
geal or V agus nerv es The superior larv ngeal branch of the v agus probablv 
IS involved most commonlv in such afferent conduction The glosso- 
phan ngeal nene also conducts impulses which inhibit the sn allowing 
refl« The efferent impulses invoiced m the swalloning reaction are con- 
nenes ”r glossopharj ngeal and branches o{ the vagus 

nenes Fibers of the hvpoglossal nerve and the mandibular div ision of 
the trigeminal also pla, a part The motor innervation of the esophagus 
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iinoUts Ok rcctimnt and certain tborncic lirnncbM of the \npi3, the 
s^mp ithctic snppU and the intnmunl plucu'^cs flit s\nnp'\thoiic ncr\es 
probably pla> no significant part m the swallowing reflex \ccorilmg to 
Inoaka (1924), the cfTectivc inntr\ntioii of the csojihagus in the dog is 
purciv \ngal Knight (193-1) rcportctl reduction in tonus of the muscula 
ture in the distal portion of the esophagus due to snnpatlictic stunuhtion, 
but no change in the tonus of the musculaturt in the proximal portion 
Contraction of the stnatixl iniibculnturc of the esophagus tliciled hj ^ag^l3 
stimulation, according to Knight, is Aiipnentcxl h\ simultaneous snnpa 
thetic stimulation llio data a\nilnhlc do not indicate an cfTectivc rfdeof 
the s\ mp ilhUic nei^ os 

EfferLnt stimulation of a single \ngns hnnch to the esophagus elicits a 
purdi ‘'cgmcntal contraction A peristaltic w»%t which is propagated 
along the esophagus cannot he initiated b\ eircrcnt stimulation of the 
esophagus at anj gi\tn point Ihc esophagus ihfTcrs in this nspect from 
the lower duisions of the digcstuc tube Stimulation of the central end 
of the diMdwl \agus, while tlit other \ agio, i> intact results m contraction 
along the entire csoplmgus Ihis in turn stimulates the afferent sagas 
endings throughout the csopliagiis, thus sending affennt impuUcs upward 
which actiNutc the efferent neurons of the intact \ngui and result m still 
further contraction of the entire esophageal musculaturt. 

Peristalsis m the esophagus, like the swallowing rcllat, is niwhatcd 
through extrinsic ncr\cs Mosso (1870) showed that trm«cttion of the 
csophagiis or cn cn resection of entire stginents docs not jiru ent pcristaKb 
if onl\ the ner\c siipplj to the scNcral pieces remains intact "MelUer 
(lOOO) also obscracd the propagation of peristaltic waxes along (he csopfi 
agus m the rabbit following its transection at '•cxcral levels He noted 
however that when the animal was under iltcp anesthesia, a peristaltic 
w av c initi ited m one segment stoppctl at the low cr l)onlcr of that segment 
and did not piss on to the next A foreign IkmIv introduced into the 
esophigus results in a peristaltic wave biginning above the point of 
stimulation, cons«iucntl\, if the pnmnn reflex initiated at the beginning 
of the swallowing net succeeds onI> m forcing a bolus of food into the 
upper part of tiic esophagus, the bolus itself causes a senes of reflex con 
tractions, by local stimulation of the sciisorj fibers which tend to move 
the bolus downward This docs not occur following section of the vagi 
again showing that the peristaltic reflex is inciliated tliroiigh extrinsic 
nerves 

The orderly sequence of the movements involved in the swallowing 
reflex and esophageal peristalsis is dependent on a center m the medulla 
oblongata (deglutition center), located lateral to the ala cmerea and just 
abov e it, w hich probablj mv oI\ cs portions of tiic tnctus sohtanus and the 
nucleus ambiguus ^Miether it consists of a definite group of cells which 
send their axons directly to the motor nuclei of the several cfTerent nervei> 
concerned is not definitely known The dose coordination of the swallow 
mg reflex and respiratory mov ements suggests that the deglutition center 
xs intimately associated w vth the re^irvtorv center Respiration is always 
inhibited during deglutition 

The swallow mg reaction and esophageal peristalsis also are affected by 
psychic influences Strong emotional disturbances, e g , joy , anger or 
fright, not uncommonlv are accompanied by spasm of the pharynx and 
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esoplngus ^\hlch ma\ temponrih render the s^^'lllo^\lng reaction impos- 
sible H^sterlcal indiMdinls not mfrcquentlv compliin of seiisorj dis- 
turbances m the esophagus a\hich undoubtcdls arc associated ^\lth dis- 
turbances in its motor acti\it\ 

Vn essential role of the intrinsic neurons in the sualIo\Mng reflex or 
esophageal peristalsis has not been demonstrated Illi\ thmic contrictions 
of isolated pieces of the esophagus ha\e been obscr\e<l, but this does not 
pro\e independent functional actiMt\ on the part of the intrinsic neraes 
Section of the \ agus fibers \\ Inch siippK the low cr portion of the esophagus 
and the cardi v results in spastic contriction of the c irdiac sphincter Bilat- 
eral ^agotom^ at a somewhat higher le\cl results m dil it ition of the distal 
portion of the esophagus uid contraction of the cirdia (Knight, 1934) 
This condition subsides after a few di\s and the parts in\ol\ed resume 
functional acti\ it\ which continues in uiappirenth normal manner This 
suggests that tonus and single contractions at least m the lower portion 
of the esophagus, are influenced b\ tlic intrinsic iicr\ous mechanism, 
although It has not been demonstrated that an\ single reaction imohing 
the esophageal musculature is mediated sokl\ througli its intrinsic ncr\es 
Cardiac Sphincter —Hit circular muscle is somcwliat thickened at the 
cardiac orifice of the stomach and acts is a sphincter Its mncrtation 
includes both a agus and sMiipathctic fibers and tlic intrinsic neiaous 
mechanism, particularh the m\ enteric plexus llic s\inpathetic fibers 
in\ol\ed are dc^^t‘d matnls from the ccliac plexus the corresponding 
preganglionic fibers are components of the greater splanclinic ncr\ t 
Ihe results of experiments m\ol\mg stimulation of the \agus and 
sjTnpathetic fibers to tlic cirdiac sphincter arc not all in full accord, due 
m part to difTerenccs in tlic innervation of this inuscle in the \aTious 
experimental inimals and other \anablc factors Ihc interpretation of 
these results is beset bj still further difficulties due to the fact that the 
fibers supplying the sphincter cinnot be stimulated witliout at the same 
time stimulating v a'^omotor and secrctorv fibers aiui perhaps the adrenals 
The stage of anesthesia furthermore, ph\s an important role All these 
factors complicate the result of the experiment and cannot be disregarded 
The a agus, like the sympathetic supply to the cardiac sphincter, exerts 
both motor and inhibitory effects If the muscle is relaxed or m a state of 
low tonus, \agus stimulation results m contraction, if the sphincter is 
closed, It results in relaxation, thus opening the cardiac orifice (Carlson, 
1922) In Carlson’s experiments, splanchnic stimulation resulted only m 
motor action of the cardiac sphincter m the dog, only in inhibitory action 
m the rabbit, and in both motor and inhibitory action in the cat Knight 
U934) reported only contraction of the sphincter in the cat m response to 
stimulation of fibers from the celiac ganglia, and its relaxation following 
ilateral syanpathectomx In experiments reported by Ferguson (1936), 
ilateral xagotomy m the monkey resulted in persistent cardiospasm 
rucke and Stem (1938) also reported cardiospasm due to bilateral \agot- 
omy which was abolished by atropine and adrenin but exaggerited by 
esenne, acetylcholine and pilocarpine That relaxation of the cardiac 
sp meter is not the result of mechanical pr^sure due to contraction of 
e esophagus which tends to force the esophageal content into the stom- 
nf shown by Langlev (1899) who demonstrated, by the use 

water manometer, that following \agus stimulation liquids flow from 
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the cs{)j)lnK»s )nto the stomnth under pressure conditions wIiicJi are 
inadequate to brinp nhout mechanicnl opcnmjj of the cnnlinc orifice Tlie 
peristaltic ^\n\c pissinp; nionp the csopimRus h preccflc*!, at least in the 
louer part of the tsnphapus b\ a un\c of inlnhition or rtliTation uhich 
also afhets the canliat sphincter and the ndjnctnt gastric musculatiirc 
In tins mnniitr, tlu \\n\ ih o|)ened for tlic Imlus, so that the ficrntaltic 
contriction jna\ forte it tliroURh the tanhat onfict without inucli resis* 
tnnee lU the use of the csophaposc«|)e ‘Mikulic? (lOOj) sliowed that the 
cardt It sphincter remained rfosed until the tulic of the instrument ap- 
pro idiwl to withm a few centimeters of the tardra hut ns the tulic 
npproachwlmorcclosth the sphincter pradunlli optnwl 'Ihisrtflexmhthi 
tion ipparcnth wns clicitcil hv stimulation of nfTerent fthers in the muewa 
of the lower portion of the esophagus Schilf (1920) innmtiuncd that the 
reflexes inaohcd in (his rciclioii pass thmugh the central nerx mis ss stem 
and that both the afferent ami efferent neurons ina oU cil arc components 
of the X agus nen cs 

lollowing tile passage of a bolus of food into the stomaeli, the cardiac 
sphincter again closes until another peristaltic wave passing dowai the 
esophagus npproaelics Acconling to Cannon (1911), the tome contraction 
of the cardiac sphincter, which dt\ clops when tlic stomach contains food, 
IS mauituncd through reflex nctuiU of the intrinsic plexus imtiatal Iw 
the stimulating effect of the acid m the gastric secretion Carl>on (1022) 
pointed out that t!ie tonus of tlic cimlmc sphincter is higli while gastric 
digestion IS m progress Acconling to ins finilings, "tins Iixpcrtonus per- 
sists ifter rcinoMug tiic food from tlie stomach, wnslimg the stomach 
caxitx with water at bodx temperotnrt, or rcndtring the stomach content 
alkaline 0 4 per cent IIC! in the stomach dots not increase the tonus of 
the cardia parallel to tiuit found m the iligestmg stomach " He also 
obserxed that the tonus of tiie canine spbincter is diminished under light 
but inert iscd under deep nnesthtsm 

Stomach —Altliough the mnsculntiire of tlic stomncli is composed 
cxclusi\cl> of smootli muscle fibers, it is more complex than that of the 
other diMijions of tlic digcstixe tube Its motor nctixitics also are cor- 
rcspoiidmglx complex The gastric innstuJature, furthermore, under tlie 
influence of the intrinsic ncrxous mechanism possci>"CS tlie capacitx to 
undergo reflex adjustment to the changing xolume of the gastric content 
without exhibiting appreciable changes in tonus (Cannon, 1911) The 
pressure XMthin tlie stomach is not mcrciscd bj an increase in the xolurae 
of the stomach content, nor docs an increase m the xolume of the stomaeli 
increase the intra-abdomina) pressure (Burns, 1920) The abdommal 
muscles undergo reflex adjustment to dianges m the gastric content Tlie 
latter reaction is a reflex phenomenon mediatetl through reflex arcs whose 
afferent limbs are components of the splanchnic nerx es and w hose efferent 
limbs are components of the spinal nerxes tlirough whicii the abdomiml 
muscles are supplied 

Gastric motihtj is not interrupted foUoxx mg bilateral section of x agus 
and splanchnic nerxes Under proper conditions, actnitx maj still be 
obsened m the excised storaadi With respect to its motor activities, 
therefore, the stomach mav be regarded as an automatic organ Its auto 
matic activities are elicited bj stimuli which arise within itself and appear 
to be carried out tlirough its intoinsic nerx ous mechanism These activ ities 
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normilh nre rcguhtc<l ‘iiid controlled through the \ igiis ind splanchmc 
ner\es 

In genenl, ^'\gUb stmnihtion lugmentb but, under certain conditions, 
it inhibits gistnc inotilit\ Gastric inhibition in response to \agus stim- 
ulation i\as ob^cried b\ Do\on as earU as 1S94 Iangle\ (189S) also 
obser\cd this phenomenon and concluded that the aagiis supph to the 
stomach includes Mime fibers A\hose action is inhibitor\ Meltrer ind 
\iicr (190G) asMicnted gistnc inhibition m response to electric il stim- 
ulation of the \agus i\ith the strength of the current used Klee (1912, 
1919) obsereed oiiK motor cHccts of \agus stimulation on the stomacli 
but, in Ills experiments, moderate stimulation resulted in augmentation 
of the motor moecmeiits ^\hcreas strong stimulation resulted m tome 
contraction of the g istric miisculnture ^^ost of the more recent m\ estig i- 
tors ^^ho lla^e studied the effects of \agus stimulation on the stomach, 
including Carlson nud lucklurdt (1920) C irlson Bo\d and I’earcce 
(1922), McCrca, McSi\ine\ and Stopford (1925), Schilf (192G), Laughton 
(1929), Patterson and lliibright (1934) and Barron (1937) sometimes 
obsera ed inhibitor\ effects, althmigli the more common effect is augmenta- 
tion of gastric motiht\ 1 lie results obtained b\ cert iin of these m\ cstiga- 
tors, partieiilarh McCrca Mebuinc\ and btopford, Laughton and Pat- 
terson and Rubnght, indicate tint \ngiis stimulation ma^ cither initiate 
gastric inotilit\ , if the stomach is m i state of ion tonus or augment and 
sometimes aecelente inotilit\ if ino\cincnts are present On the cont^a^^ 
if the gastric musculature is m a state of high tonus, inotihtx is inhibited 
and the musculature is relaxed b\ \agus stimulation ^each (1925) 
reported tint stimulation of the distal portion of tlic x agus after section, 
^ith rehtixcU low frequencies or intensities results in gastric excitation, 
^xhtreas stimulation with eonstdcriblx liighcr frequencies or intensities 
results in gastric inhibition ‘NfeSwmex and ^^adge (1928) failed to cor- 
roborate tins finding of \ each but reported that, m conditions of low tonus, 
stimulation of the xagus with low or high frequencies or intensities results 
m contraction of the gastric musculature and an mcrcise in its tonus, 
whereas in conditions of Ingh tonus stimulation of the xagus with loxx or 
high frequencies or intensities results in gastric inhibition \ each, Sclixx art^ 
and Weinstein (1930) obtained both motor and mhibitorx effects b> x arx - 
ing the frequencx of the stimulating current independentlx of the initial 
tonic condition of the gastric musculature Brown and Garx (1931), 
using the decapitate cat, found that the inhibitorx effect of x agus stim- 
ulation on the stomach is abolished following injection of sodium amxtal 
lu xiew of dl the data axailable, the initial tonic state of the gastric 
uiusculature seems to plax a more important role than the frequencx or 
strength of the stimulating current in determining the effect on the stomach 

X agus stimulation 

The left xagus exerts a greater influence on gastric motilitx than the 
noa 1929, Barron, 1937) McCrea ei al (1920) and McSwinex 

u^^^rxed no effect of unilateral xagotomx on the stomach Barron 
\ 93i), on the contrary, reported a d^nite decrease in the duration of 
Periods of gastric motilitj associated with a corresponding increase in the 

uration of periods of quiescence following section of the left xagus 

1 '^eral \ agotomx results in a decrease m gastric tonicitj and lengthening 
e emptxing time (hleek and Hemn, 1934, Ferguson, 193G) 
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Splinclmic stimulation common)^ results m inhibition of gastric motilitv 
and relaxation of the gastric musculature Tsot a ln^ cstigators, 
including Mont (189d), Do\on (1891), Carlson Ro\d and Pcarccv (1922), 
ihomas and \Mieclon (1022), Xo!f (1025), \ l ich (1025) and Barron (1939) 
also ohser\cd an opposite effect ^ftCrca and McS\Mnc\ (1928) reported 
that btnmilntion of the peripheral portion of cither splanchnic nerve after 
section results m an increase in the tonus of tlie gistnc musculature if it 
acre in an initial state of Ion tonus hut m inhibition of inotilitv and 
relax vtvon of the gastric musculature if it were in an initial state of high 
tonus Brown ^ItSwinev and 3\n<Ige (1930), working with spinal and 
dectrtbrate cats and doga w ith the btoinnch di\ ulotl at the mcisura, found 
that the effect of splanchnic stimulation on thi stomach is determined at 
leist m part In tlic t>pe of stmuilation eniplovcd In their experiments, 
stnnulition witli a frcquciicv of 1 per secom! brought nlwut contraction, 
while stimulation with a tctamzing current rcMiUtxl m relaxation of the 
gastric musciilatWTc The wntnwn did not Tc*spond m the same manner, 
but was alwavs inhibite<l m tbc cat and wsuillv in the dog bj splanchnic 
stimulation regardlc*ss of the t\ pe cmplox c<! Brow n and AIcSw incv (1932) 
reported reversal of the effect of sphnthme stiinulatioii on the stomach 
following nnesthosja with luminal or injection of this substance into a 
spinal animal Thc\ advanced the opinion that the reversed effect of 
splanchnic stnnulatinn on the stomach, following the adimnistration of 
lumind, Is due to the depressing effect of this sulistnncc on the rate of 
production or the action of the honnonal substance hberatod at the per 
iplierv as a result of sjinpathetic stimulation 
The stomach also responds rcilcxlv to stimulation of somatic afferent 
nerves In tbc experiments rcjwrtwl bv Patterson and Uubnght (1934) 
stimulation of the sciatic nerve in the inonkcv resulted in reflex inhibition 
of the gistnc musculature when it was in a preexisting hiTiertomc state, 
and m contraction or augimntntion of the tonus wlun it was m a pre- 
existing hvpotonic state Compression of the tjeball also clicitcil reflex 
changes m the gastric musculature, depending on the preexisting state of 
tonvcit> rhev advanced the opinion tlmt stimulation of nnv afferent 
nerve inaj exert an influence on the stomach tlirough reflex mechanisms 
involving efferent components of both the vagus and splanchnic nerves 
and that the nature of the response is ilctcnnined bj tlie preexisting state 
of tonicitj of the gastric neuromuscular mechanism 
In V lew of all the data a\ ailabic, it must be conceded tliat the initial 
state of tonicit> of the gastric musculature is an important factor m 
determining the effect either of direct or reflax stimulation of the stomach 
through either the vagus or splandmic nerves The concentration of 
adrenm and other humoral substances m the circulating blood and the 
subst inces hbervted as a result of nerve stimulation constitute additional 
factors Under certain conditions, the tjpe of stimulation eraploved also 
seems to plav a role in determining the nature of the response 
Splanchnic resection results in marked alterations in gastric motilit> 
McCrta (1925) reported increased gastric peristalsis and a more tubular 
form of the stomach following this operation The emptj ing time of the 
stomach also was markedlj decreased In human subjects Barron (1937) 
observed short periods of motility alternating with short periods of qui 
escence eight to ten dajs after umlateral splandmic resection Subse- 
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quentU the periods of gastric ‘lctI\lt^ became greatl\ lengthened and the 
amplitude of the contractions increased llie cftects of bilateral splanchnic 
resection ^\ere essentialK similar to those of unilateral resection In one 


patient studied se\en months after this operation the exaggerated gastric 
actlMt^ still persisted Unilateral splanchnic resection m Barron’s experi- 
ence, resulted in no m irked change in the aN cragc rate of gastric empt\ ing 
but the a\erage emptjmg time was inarkcdh reduced following bilateral 
splanchnic resection 

Pylonc Sphincter — \ccording to most observers the pvlonc sphincter 
responds both to v agus and splanchnic stimul ition in cssentiallj the same 
manner as the gastric musculature Certain m\ cstig itors, particular!} 
Smith (1918), Klee (1919) and Koeniicckc (1922) have pointed out that 
splanchnic stimulation not uncommonlv results in contraction of this 
muscle \ccording to Thomas and ^\hcclon (1922) the effect of stim- 
ulation of the extrinsic ncrvca is the same on the motilitv of the pvlonc 
sphincter as on that of the pvlont antrum This finding supports the 
theorv that the pvlonc sphincter is not a separate functional entitv but 
that the pvlonc antrum and sphincter constitute i functional unit and 
have a common nerve supplv \ccording to the results of their experi- 
ments, the function of both the vagus and sphnchnic fibers supplv ing the 
pjlonc sphincter is mainlv motor Both nerves, also include fibers which 
are inhibitorv to the pvlonc sphincter but these are more ibundint in 
the splanchnic than m the vagus The initial tonic state of the pvlonc 
sphincter also is a factor m determining its response both to v agus and 
splanchnic stimulation 


The effects of artificial stimulation of the extrinsic non es m question 
indicate the functional cliaracter of tlicir cflcrent fibers but afford no 
adequate concept of the normal functioning of the pvlorus ^^^len food 
IS taken into the stomach, contractions arc initiated about the middle of 
the organ and adv ance toward the pjlorus \s digestion progresses, these 
contractions become stronger and, at certain irregular mterv als but not 
^ith each contraction wave, the pvJonis opens as a wave of contraction 
approaches Klee (1912), who bv tlie use of the fluoro^'Cope, obscrv ed the 
movements of the stomach elicited bv vagus stimulation while it contained 
a barium meal carefullj described these movements According to his 
observations, the pvlonc sphincter relaxes quite suddenlv shortlv before a 
^ave of contraction reaches the pvlorus, allowing the entire food mass 
^nich was separated from the rest of the stomach content by the 
contraction m question, to pass into the duodenum He never observed 
opening of the pvlorus unless the approaching wave of contraction carried 
^ J^ass of the stomach content before it It appears therefore, that the 
c axation of the pj lone sphincter was not the direct result of v agus stim- 
oAb ^ the result of the penstaltic contraction which earned a mass 
of tb content into the pvlonc region hen a considerable mass 

the stomach content had passed into the duodenum and still remained 
ere the pvlorus did not open at the approach of a penstaltic wave of 
bpf which earned an adequate volume of the stomach content 

regardless of the strength of the penstaltic contraction The 
clo^l of the pvlonc sphincter appears to be controlled bv 

the^d^ ®°rdmated reflex mechanisms which involve both the stomach and 
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lletention of the gnstric content in the stomach until it !I^s reached a 
satisfacton state of ihpestjon ikpcmU on impulses nnsinfj nithm the 
stoimcl) Tlic rate of tliscliarpc from the stomach is adapted to the func 
tional capacit) of the intestmc b\ reflex nctiMtj initmtwJ nitlun th** 
jntestmi (Thomas, 1931) T he rtflex nctiMts imoUcd m f^xstne emeu 
otion IS inethated mainlj throuRh the in\ enteric plexus and the sapis 
nerves The nnintcric rtflexes ore conarned mninlv with rcRuhtion of 
the tonus of the p\loric sphincter Reflexes throuRli the vnRi wert an 
jnhibitorv infiutncc on the pvloric pfirtion of the stomach whjcli tends to 
decrease tiie motilitv of the pvloric antrum, mclndinp tlit sphincter Tlie 
threshold of stimulation of tlie mirus reflex mechanism is lower th m thit 
of the im enteric, consequenth, the former iisinflv dominate the latter, 
particularU in the cluimcal rcRidntion of tlie thsclinrgt of the Raatnc 
contents into the intestine 

Amonp the mtm mtcbtinal slimuU which alTcct gastric inotilitv are 
mechanical distention, citcmicnl irritation acid livTiotontc and livpertonic 
solutions, fnt and tlie products of protem and c irhohvdntc digestion The 
reguhtion of gastric evacuation, as outhncil hv Ihomns (1939), ma\ he 
cxplnmwl as follows llie matcnnl di’^chnrgisl from the stomach into the 
duodenum, after gastric digestion Inslictn Romjj on for some time normalii 
inclmks liri, proteoses and peptones, fat and the proilutts of cnrlxihv 
dr itc di;^stion One or more of these suhstiinics soon accnmnhfcs m the 
intestine m suflicient concentration to stirnnlatc the appropnatc receptors 
for cntcrogastric reflex actuitv or mutate the hhcmtion of entorogastrone 
The tonus of the gastric musculature and the mtngastnc presvurc oon- 
sequentlv, arc dimmiilieil and pcnstnlsis grows weaker, so that the dis- 
charge of gastric contents into the dno<lcnum proceeds at a dower rate 

soon as the gastric di'-chirgc faih to keep p let w itit mtcstiml digestion 
and absorption gastric motor actniti mav he expected to mcr«nse As 
soon as the stimulating materials arc again present m the mteatine m 
adequate concentration gastric motihtv is again rcflcxlv inlnhita! \Vlicn 
once the rate of cmpljing is adjusted so that the concentration of the 
gastro-mhibitor) substances m tlie uUcstmc is mamtumed at the threshold 
level or a little above it, gastric nclnitv probabK continues with httle 
further change The initial discharge of stomich contents into the in 
testme following the ingestion of food umlouhtcdlv can fie expfaincd most 
satisfactoriK as due to the gastric "motor drive’ which i» constanth 
present during digestion Tlie regulation of g istnc e\ ncuation therefore 
tends to prev ent ov ctloadmg of the mtestine, w Inch is necomphshed mainl) 
through gastro-mhibitorj reflexes and humoral influences initiated within 
the mttstine bj the presence of footl matcnvls and the products of their 
digestion Since the changes in the tonus of the pvloric sphincter cor- 
respond to those of the pjlonc intrum, it constantly tends to resist the 
discharge of the g istric contents mto the duoclcnum awl blocks tlie passage 
of solid particles It also tends to limit regurgitation hs contr icting when 
the duodenum contr vets 

Hunger Contractions —In man the einptv stomach exlubits movements 
of two types (a) rhythmic tonus eJiati^is of the fundus and corpus, and 
(1) hunger contractions The former usually art not very inark^ The 
latter are pow erful w aves which arise at the cardi i and tr w erse the entire 
stomach Hunger contractions s»e initiated about three hours after a 
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raeni i c ■uhcn the stom'ich is ne'irh cmpt^ The^ 'irc superimposed on 
the tonus rlnthm nnd occur in series (hunger periods) scpariteti b\ inter- 
\aU in %\hich the stomach exhibits no motilit\ except the tonus rh\thm 
Hunger periods iisinlls last from thirtx to fort\-fi\c minutes, but m'i\ be 
as brief as six minutes or ns long as one and one-half hours The interx als 
of quiescence commonU last from one-half to t%\o and one-half hoiir> 
Hunger eontractions common!\ gi\e rise to n sensation of hunger ^ith 
'which ma\ be as'jociated actual di^^comfort or pain (hunger pang) During 
extended periods of fasting tlic hunger contractions are not diminished 
but the hunger pangs and the general sensation of hunger become less 
intense after the third dax Hunger contractions also max he inhibited 
reflexK bx x arious means c g strenuous mu^sciilar c-xerewe taking a 
quantitx of xxatcr into the stomach ipplication of cold to the surface of 
the bodx, compression of the abdomen, etc (Cirlson 1910) 

Dextrose solutions introdiicexl into the stomach Inx c a marked inliib- 
itorx effect on hunger contractions In experiments on dogs reported bx 
Manxille and Munroc (1937) liungcr contractions xxerc effectixelv inhib- 
ited In 10 to 25 per cent solutions of dcxtro'^c intro<liiced into the emptx 
stomach through an artificial fistula Gastric motilitx inducetl bx pilo- 
carpine and insulin x\ is inhibited bx the same means 
The Nervous Mechanism of Vomitmg — \omitmg is i refltx reaction 
which borders on tlie pithological and not infrcquentlx scrxcs the useful 
purpose of ridding the stomach of hannful substances The role of the 
stomach in this reaction consists m tonic contraction of the pxlorus and 
pxlonc antrum inhibition of fundic pcrist ilsis ami relaxation of the cardia 
'tnd cardiac spliinctcr The gastric content is expelled through the esoph- 
agus b\ the sudden and simultaneous contraction of the diaphragm nnd 
abdominal muscles (Cannon 1911) Aoiniting commonix is cause<I bx 
abnormal stimulation of the tcnnmations of afferent x agus fibers in the 
stomach Goldberg (1931) reported reflex xomitmg in the dog induced bx 
distending an isohtcxl pxlonc pouch In tins instance the afferent im- 
pulses were conducted solclx bx xagus fibers \omitnig also max be 
elicited bx artificial stimulation of afferent xagus fibers and other sensorx 
nerxes Not infrequentlx it is causeil bx disturbances of the urogenital 
apparatus, hxer and other xiscenl organs It max also be caused bx 
disagreeable emotions and disturbances of equilibrium The afferent 
impulses inxolxed reach the medulla rcgirdlcss of xxhethcr thex are con- 
ucted bx the xagus or other afferent nerxes The efferent impulses, 
^ough which contraction of the pxlonc sphincter and antrum is brought 
conducted hx the xagus those xx Inch bring about inhibition of 
c lundus and relaxation of the cardia bx the splanchnic nerx es The 
Contraction of the diaphragm and abdominal muscles is brought about bx 
•mpulses conducted bx the phrenic and loxxer thoracic nerxes The co- 
inated impulses xxhich are sent out to the xanous muscles mxolxed 
medulla \medullarj area in the x icmitx of the motor nucleus 
j . . ® 'agus and close to the respiratorj center, but distinct from the 
includes a xomitmg center, since xoiniting cannot be 
^neci out following destruction of this area 
brai^^/^'^^ not infrequent!} is a sxonptom of disease or injiirx of the 
mtrap brain tumor, etc) whidi brings about an increase in 

ranial pressure In this condition, the direct cause of xomitmg 
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diMSion of both ^^gl did not nbolish the *101100 of 'itropine on the gastric 
glands In experiments reported bx Brown (1933), extirpation of the 
sNinpathetic trunks and the celiac ganglia m cats resulted in no demon- 
strable change either m the free or the combined g astnc aciditx 

\lthough interruption of citlicr the xagus or sxanpathetic nerxes sup- 
phing the stomach, m most of the experiments cited aboxe, x\as followed 
b\ no marked changes in gastric secretion the results obsened do not 
warrant the conclusion that gastric sccretorx actixitx is not subject to 
nerxous mflucnces The assumptions that gastric liXTieracidilx commonU 
IS associated witli parasxanpatlictic hxpcrirntabihtx, and gastric hx'po- 
aciditx witli SMiipathctic hjpcnrritabilitx are supported b\ ample exper- 
imental and clinical data (Sec Chapter W ) \\ inkier (1934) aKo 
adxanccd certain clinical data m support of tlic assumption that both 
hx-po and In peractix itx of the gastric glands, m certain cases, are asso- 
ciated u ith lesions of the ner\ cs suppK ing the gastric mucosa 
Under normal pin siologic conditions thcsccretorx actnitx ofthefundic 
glands ceases while the stomacli is cinptx flie pxlonc glands remain 
actne, producing in small quantities an cnzaane-containing secretion in 
which the pepsin must remain inactn c <liie to the lack of In drochlonc acid 
unless hx drochlonc acid is secrctc<I in small quantities bx the parietal 
cells Tlie inhibition of the fundic glands accortlmg to Bickel probablx 
Is* due to mlubitorx impulses of central nerxous origin conducted bj sxan- 
pathetic fibers incorporated m the xagus iicrxc winch probablx are absent 
in the pxlonc region Ulicn food is taken into the moutli the stimulation 
of the sense organs mxoixed an<l the accoinpanx ing p&xcliophx siologic 
processes initiate strong reflex parasjaiipathttic excitation in the presence 
of which the central luhdntorx influences acting on the fundic glands 
graduallx subside and these glands arc thrown into sccretorx actixitx 
As the food enters the stomach it stimulates the gastric inuco'a direct!}, 
first m the fundus tlien in the pxlonc region, and somexxhat later in the 
duodenum, gixing rise to afTcrent impulses xxhich arc conducted bj the 
general x isceral aflerents to the appropriate centers m the central nerx ous 
sxstem Both secretorx and inhibitor} impulses emanating from these 
centers are conducted back to the glands through x isceral efferent conduc- 
bon chains As the process of digestion progresses the secretm produced 
0} the active mucosa and the sccretm-likc substances contained m the 
^d reach the intestine and being absorbed, arc added to the secretm 
aheadj present m the blood This in turn exerts an influence on the 
secretorj actixitx of the gastric glands 

the food passes into the intestine and the stomach once more becomes 
®^ptx both the reflex and humoral excitation of the gastric glands sub- 
cs and the central inhibitorx impulses again gam the ascendencx, the 
of If glands become quiescent and the pxlonc glands in the absence 
inhibition, continue their normal secretorx actix it} 

IS ^^c^ical phase of gastric secretion, according to Babkin (1938), 
g^t^^^ulated through (1) a hormonal substance, probablj gastrin which 
1 1 ^'^®ctlj on the gastric glands, (2) certain food substances or products 
m th^^^ them, which stimulate the gastric glands after being absorbed 
hxn and (3) certun absorbed products of digestion, as xxell as a 

centers' state of the blood, w hich exert a direct influence on the x agal 

16 
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I he n'lMiinptton (!mt the aci(lit> of the pastnc secretion is regulated 
iiminU b\ (liiodeniil rcpurgitntion niul ncul inlnhition is supported b^ 
abundant (vperimtntal data, pirliciilnrlv tliose aihanccil 1)\ ^^llhelmJ 
and bis> colhbnritors (103r>-1039) As smnmanrcd b) ^Nilhclmj and 
S iclis (19 i9), tlic acld 1 t^ of the gnstnc contents (cc of acid secretion per 
100 cc of gastric contents) is controllccl pninanh l>^ acid inlnbition, the 
iciditj of the total secretions cnlonng the stomach prnnanlv b} duodenal 
reguiTJitation ihc latter process inn\ nr nns not influence the acidity 
of the gastric <-ontents llicse tuo inecliamsnis probabb \ara in relative 
import xnte in ilifTcrcnt iionnal subjects I ndiire of one or the other in 
di-stast is theoretic ill\ po'.'iihle If, during normal acid inhibition, duo* 
denal regurgitation did not occur, the scentorv curve would show a high 
and rn untnnusl value for the nciditv of the total secretions entering the 
stomach hut u nonnnl nciditv value for the gastnc contents If, m the 
presence of normal duodenal regurgitation acid mliihitinn should fail the 
sccrctorv curve would show nonnnl nciditv of the total «ccrction3 entering 
the stomach hut a high v nine for the nciditv of the gastric contents 

Gastric sccrctorv nctivitv mnv l>e inodifittl 1>\ the administration of 
various plmnnacologic agents I phc<lrint a svmpathomiinelic sub- 
stance, causes a distinct reduction in the total nciditv nnd tlic free IICI m 
the gistnc jintc Obiffertv ct at , 1937) Acetvl betn mcthvlchohnc chlo- 
ride (Schnedorf and Ivy, 1037) nnd ncctylcholinc (\cclicles et al , 1938), 
parnsvmpithomimctic substances vtiiniilntc the production of free acid 
In tbe cNpcnmcnts of Nccliclcs ct at , ncctvlcbolinc caused an increase in 
the acid volume an<l pepsin secretion in a Ilcidcnlmin )>ouch Acetv! 
choline nnd Instamme were found to be svnergistic in relation to gastnc 
secretion \cetybbeta mcthylcholinc chloride also caused an increase in 
the volume ncul nnd pepsin of the gastric secretion of normal subjects 
Ergotamine tartrate in large doses dimmislics the acid ‘sccrctorv response 
to Instamme (\tkinson and Ivv, 1937) Dextrose introduced into the 
stomach tends to inhibit the gastnc secretory activity caused bv Instamme 
pilocarpine or insulin (Mnnv die and Afunroc 1937) Centrally acting 
emetics c g apomorplune, emetine and quinine, in subemetic doses de- 
crease the total acid output but a decrease in the titntnble aciditv requires 
emetic doses (Atkinson and Ivy, 1937) The common finding that olive 
oil in the duodenum causes mlubition of gastnc secretory activitv which b 
followed b\ stimulation has been confinned by Shay, Gershon Cohen and 
Eels (1939) 

Data reported b\ Bucher (19J0) seem to indicate that histamine causes 
an increase in the production of pepsin ns well as in that of hydrochloric 
acid In her experiments, m which small constant doses of histamine were 
giv en ev ery ten minutes for fiv e to eight hours, the hourlv output of pepsin 
m the gastnc juice secreted by a pouch of the entire stomach following 
V agotomy vv as increased and constant Data adv anced by Iv'y and Bach 
rach (1940) also seem to support the assumption that the excessive sec^ 
tion of gastric juice associated with inflammation or ulceration m the 
intestine mav be due to the stimulating effect of the histamine liberated^ 
the site of the lesion In their eqienmentnl animals atropine depressed 
the gastric secretion after a meal to onlv about tbe same extent as it did 
the secretory response to histamine 
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Intestine —In general, a igus stimiihtion results in excitation of tlie 
intestinal musculature as far as it is supplied b\ \agus fibers, whereas 
stimulation of the splanchnic or Inpogastnc ner^cs results in inhibition of 
the intestinal musculature In some instances stiiniilation either of the 


\agus or SMupathetic nerxc'j produces the rc\erse effect Section of the 
^^gus ner\es in general results in decrei‘'cd mtestiinl motihtx , sxTnpa- 
thectoin\ m increased inotilit\ In cxTicninents reported bj Scab and 
Uichter (1930), sMnpathetic denerxation of the inte&tine and adrenals in 
the cat resulted in a reduction of 32 per cent in the a\ enge time required 
for barium sulphate suspension to rt ich the cccum from the stomach 
Stimulation of the sicral p irasMupathctic luracs cointnonb elicits con- 
traction of the inu'scul iturc of tlic colon nctiim ind anil canal 'Iht- 
ileocolic sphincter apparenth is supplied iiiainlv bN s\anpathetic fibers 
It coinmonK contracts m rcsptmsc to sphiiclmic stmiulition and is not 
affected bi stimulation cither of the lagus or sacral pirasMiipathetic 
nenes In experiments rcportcal b\ I udain and Jourdan (193G), the 
intestinal i ilh relaxed in response to \ igiis stimulation u hercas splanchnic 
stimiihtion ehcitwl contraction of the xilli and inhibition of their motilita 
A agus stimulation therefore increases the area of the inttstiml epithelium, 
whereas splanchnic stimulation detrciscs it 
The re\ ersed action of \ igus and ‘•pi inchnic stimul ition on the intestinal 
musculature has been txpl lined on the assumption t)i it the \ agus ner\ cs 
include some mlubitori fibers ind the s\inpatbctic ncncs some motor 
fibers to the intestine (OaN liss and Starling 1013) 3 he results of certain 
imestigations strongh suggest tint the specific effect either of \agus or 
sympathetic stimulation on the intestine is dctcrmmctl it least m part bx 
the initial tonic state of its musculature According to Tarison (1030), 
stimulation of the peripheral ends of the hvpogistnc nerxes the efferent 
fibers of tihich ill probabh arc sxiripathctic, elicits contraction of both 
muscle lax ers of the large intestine if the musculature is relatix el\ atonic, 
and inhibition of both lax ers if the muscles are actix c and m a fair degree 
of tonus 


In Carlson’s (1930) cx^peninents, stimulation of the sacral parasxonpa- 
ootic nerx es produced onlx a motor effect on both muscle lax ers in the large 
mtestine According to Learmonth and IMarkoxxitz (1930), the lumbar 
^!onic nerxes exert a constant iiihibitorx mflueiicc on the distal parts of 
^ ^ Section of these nerxes m their e.xpcriments, resulted in an 
mmediate increase m intracolonic pressure and sometimes in an increase 
T. 1 ] ^^pbtude of the colonic contractions In ex-penments reported bx 
fiercer Grax and Ix\ (1942) electrical stimulation of the pelxic 
contraction of both the longitudinal and circular muscles 
enewf colon Impulses coiiducte<l bx these nerxes also mflu- 

j musculature of the proximal portion of the colon xn enteric 
SDo ^^^'‘^^P^^bxxaxs Flectrical stimulation of the xagi elicited no re- 
cont colon of the dog, but sometimes elicited x\ cak and inconstant 

m part of the cecum m the pig and the monkej Electrical 
incon t celiac root of the inferior mesenteric plaxus elicited 

desce^rf^^ ^*^cular contraction of the colonic musculature limited to the 
circul Stimulation of the hx pogastne nerx es elicited inconstant 

ar contraction limited to the distal portion of the descending colon 
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A dual contractile and tonic mcchnm^in in the colon could not he demon* 
stntcd 

In a studj of the duodenal reactions elicited !)> i onous pharmacologic 
agents, Camp (1030) obtained certain data nhicli support the assumption 
that duodenal tonus and nctiMtj m^oUes a senes of oxidation and reduc- 
tion processes ^^I^cll occur normnllN m the colls As oxidation becomes 
predominant, potassium enters tlic cells, aa rciluction gams the ascendencj 
potassium It axes the cells An excess of potassium XMtlnn the cell results 
m contraction, on the cell surface, nhctJier derned from xxithm tlit eel! or 
applied from XMthout, it results in relaxation 

Distention of tlie jejunum in dogs, accotxhng to Aoumans, Meek and 
Hemn (1^38), results m mhdntion of inotilitj of all txpes and diminution 
of the tonus of Its undistcndctl parts m Ixitli directions from tlic site of the 
distention Ihe degree of inhibition is determined bx the rapiditx of the 
distention and the final pressure attained A ncakcr mhihitorj response 
IS elicited bx distention foiloning ‘•ection of the extrinsic nerxes but 
destruction of the enteric connections nbde the extrinsic nerxes are intact 
does not alter the response Ihc inhibition caused bj distention of the 
jejunum therefore, seems to W mcdiatwl primarily througii extrinsic 
nerxcs The degree of motihtx ohscrxwl at the site of n distention, accord 
ing to Youmans (19-10}, dcpcmls in part on the Inhnec between the reflex 
inhibitorj and the <lircct stimiilntorx cllecla In tlie denerxntcil intestine 
distention acts as a direct stimulus to tlic smooth muscle 

In expenments reported bj Pei and 1 ong (19-12), stimulation of a loop 
of tlie small intestine bx pressure, heat, mcclianical mjurv or electrical 
stimulation of its afferent nerxes elicited inhibition of die entire intestine 
Tilt reflexes mx olx ed arc mcdmtxxl through spinal cortl centers in the eighth 
thoncic to the first lumbar segments mclusixc 'ihc nlTcrcnt fibers do not 
cross to the opposite side and the reflex connections are effected m the 
segments in which thex enter the cord 

The sensitixitj of the dog's jtjunnl musculature to ndrenm, acconimg 
to "i oilmans Karstens and Aumxnn (1*^2), is not mafermllx altered hx 
bdateni xagotomx Ihlntcrnl Election of tlic preganglionic svinpathetic 
nerx es either Ins no effect or rc^uUs m less than a Ixx o-fold increase in the 
sensitixitx of this musculature to ndrenm Section of the mesenteric 
nerx es to a gix en mtestmal segment renders the musculature of this seg 
ment sexerxl times more sensitixe to xdrcnm than that of other segments 
trith tile nerxes intact 

In an experimental studj of gxstro-intcstinnl motihtx in dogs, Paiford 
and Muhnos (193G) found that the jejunum is more irritable and responds 
more quicklj to stimulation than otlier parts of the small intestine Its 
minor rhx thmio contractions at a definite O3cilhtor> frequenej also persist 
longer and the contractions of the circuHr muscle are predominant The«e 
facts are significant m relation to the function of the jejunum m tlie pi^ 
pulsion of the intestinal contents Die ileum is not onlx less irritable but 
its contractions exhibit no rh> thnuc oscillations and the nrapUtudes of the 
contractions of both the longitudinal and circular muscles are smaller The 
colon exhibits the most pow erful contractions, and those of either muscle 
lajermaj predommite depending on the direction of tlie stimulus Thb 
actixitj, according to these mx^t^tors, mediated mamlx through 
mj enteric reflex mechanisms 
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In Studies cnrrietl out on c\tenon?t(l loops of intestine, m continuit\ 
andco^e^ed ^\lth n tube of skin, Douchs nnd Mnnn (1939, 1940) confirmed 
the current concepts of the gndient theor\ and the const'lnc^ of the rate 
of contnction m am gi\en segment TJit^ obscr\ed increased moti)it\ in 
the small intestine follow mg ingestion of fowl w Inch occurred earlier in the 
jejunum than in tlio ileum Tins reaponst was not abolished bj bilateral 
lagotomv It failed to occur following transection of the intestine, al- 
though the evtrmsic nerscs remained intact but it did occur distal to the 
section follow mg re-an istomosis of the intestine in such a w i\ as to pre\ ent 
immediate union of the miistular coats md the enteric plevuscs lliis 
response to food was ilso obser\cd m the distil portion of the colon but 
not m its proximal portion Ihc response m the small intestine w is as 
constant when the animal was fed through a fistuh as when food was 
taken bj mouth Welch (1937) dcscrihcil reflex nctiMt\ of the colon in 
man in respon'ie to fccilmg b\ mouth which did not occur when food was 
gnen through a gastric fistula lie therefore regardetl the reaction as an 
appetite or taste rcflc-x and not a gastrocolic reflex He also described 
responses of the colonic musculature to ps\ chic stimulation and to impulses 
arising m adjacent x iscera 

In a scries of cxpcrnnciits earned out on dogs Law von and lempleton 
(1932) ob'serxed that peristalsis in the proximal portion of the colon is 
accompanied bx rhx tluntc pulsations and shortening of the distal segments 
of the large intestine 'Hit shortenings stand in the same reciprocal rela- 
tionship to the rhxthmic pulsations of these segments as docs the proximal 
peristalsis The reciprocal relationship between the longitudinil and cir- 
cular actixitj of tlic (list il segments of tlic large mtostme is most marked 
in the region of tlic ntial sphincters i c the region m which circuhr 
actiMtx IS greatest Whencxer peristilsis is present in the proximal por- 
tions of the colon, longitudinal actixitx of the distal segments of the large 
intestine runs parallel w ith it, but there is no corresponding relationship 
between longitudinal actixitv of the distal segments and other tjpes of 
iictixitj in the proximal colon The reciprocal relationship between the 
nctuitj of the proximal and distal portions obserxed in the intact large 
intestine, is preserxed after transection in the region of the splenic flexure 
the anal canal is guarded bx an internal and an external sphincter 
muscle The external sphincter am is composed of striated muscle and is 
to xoluntarj control xxithin certain limits It is supplied bx the 
n enor hemorrhoidal branch of the pudciid d nerx e The internal sphincter 
m is composed of smooth muscle Like the rest of the smooth muscula- 
ure of the anal canal, it is supplied x\ ith sj mpathetic and parasjanpathetic 
(loam sxanpathetic supplj, according to Learmonth and Mirkoxxitz 

ext'^ both motor and inlnbitorx fibers Both the internal and 

^Ptiincters normally are in tonus, but the force of the tonic con- 
mte external sphincter normally is greater than that of the 

A. certain degree of reflex interdependence of the 
The^^^ff C'^ternal sphincters also has been recognized (Garrj, 1933) 
on the internal sphincter am of artificial stimulation of its 
unimal pnrasx mpathetic inncrxation seem to xar> m different 

sphinpf ^lochanical irritation or electrical stimulation of the anal 
I’esults according to Lawson and Templeton (1931), 

in increased tonus and activitj m this area and possiblj m the 
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'\dj‘\ccnt «icgincnt's and di.pressjon of tliL tonus and acti\ itN of tlie proxjinal 
portion of the colon Llectntal stimulation of other nrcis of the distal 
colon IS IcbS cffcctuc both locallj and on the proximal colon 'Moderate 
distention of cither tlie proximal or distal colon Ims no appreenbic effect 
except for a slight local angmcntation of nctii it\ increase in tonm 

Nonnal defecation is in part a xoluntarv and in part an imolimtarj act 
Under certain comlitions defecation inn\ lie camexi out as a pure reflex 
1 lie ilefecatiou reflex m\ ol\ cs peristaltic tontrnctions of the rectum or the 
entire colon together with inhibition of the anal sphincters Tins reflex 
normalK is excited !)\ the entrance of feet-s into the rtfctum (Cannon lOIl, 
"Muller, lOII) Defecation inm he inliihitix! NoliintnnK h\ contnction of 
the iniiseli's of tiie pelvic iliHir Contraction of tlioc muscles gives rise to 
afferent impulses which bring alMiiit nflcx inhibition of the movements of 
the colon and rectum 

Defecation nonnallv is mwlialed throngli reflex centers m the upper 
lumbar and sacral sepnents of the spinal coni Destruction of these 
centers results in a temp<irarv diarrhea lasting for seven! dajs Tim is 
follow eel hv normal evacuation of the large intestine at the usual intervals 
(Golt/ 1890) Ihc results of destruction of the spinal con! varv some- 
whit in different animals (I Ihott and H irtlnv -Smith 1904) hut, when 
free from both motor and uihihitor> control through the spmal coni, the 
loc d nerv ous mechaniMii seems to have tlie cipacit> to regulate and control 
the defecation reflex (^Illllcr, 1911) 'Ihc pelvic nerves iindouhtcdlv plav 
a major role m normal defecation In experiments reported h> frumble 
(1933) stimulation of the*sc nerves iisuallv resultcil in unmwliatc shorten 
mg of the colon and draw mg it distalwnrd 1 his reaction is followctl after 
on mterv d hv contnction of the ciKular muscle beginning in the upper 
part of the distal colon and spreidmg distnlwnnl, driving feces before it 
This wave of contraction is sometimes follow c<l hv other waves of hhe 
nature 3Mien the pclv ic nerv cs are div ided peristaltic action of the colon 
IS released and its storage function is tempornriK abolished 

In a studv of automatic defecation following destructive lesions of the 
sacral innervation of the rectum and amis m man Dennv -Brown and 
Robertson (1935) found that contraction of the rectum is accompanied hv 
reciprocal relaxation of the anal sphincter This reciprocal reaction b 
mediated through intrinsic reflex mechanisms which arc activated b> ten- 
sion on the rectal wall Ihese incchnmsms maj be depressed hv spinal 
shock for a brief interval during which passive distention of the rectum 
elicits onlj slight relaxation of the anal sphincter Postural tonus of the 
rectum and anal sphincter is a reaction to passiv e tension of the muscle 
involved Rapidlj increasing tension of tins musculature causes tonic 
contraction to giv e w IV to phasic contractions Tension, therefore is al&o 
the stimulus for phasic movement If deUverv of fecal material from the 
colon IS adequate the mechanism of defecation depends primarilj on the 
reaction of the rectum 1o distention The inefRciencv of defecation fol- 
low mg transv erse spmal lesions is due to the relativ elj small force of rectal 
contraction ev en after recov ery of the automatic reflex function 

The application of centrally acting evacuants to the floor of the fourth 
ventricle in the dog according to Koppanji (1930), may elicit straining 
and defecvtion which ma> be abolished b> the application of morphine 
sulphate or lesions m the same area This suggests tlie existence of a 
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center m the mctlulh oblonpiti which nn\ evert in influence on the 
meclnnisms of dcfccntion Ccrtnm diti n;porte<l b\ Lnng:worth\ 'incl 
Rosenberg (1939) support the issiimption tint the tonus of the rcctil 
muscuhture ilso is influenced through i center in the mid-bnin 

Reflexes inednted through tlic extrinsic ner\es ph\ onl\ n minor role 
m the control of intestinal actl^ it\ , \ct reflex inhibition of the mo\ ements 
of the small intestine ma\ be brought about stimulation of am afferent 
neiae The reflexes imohcd are incdiatwl through centers m the ine<lulh 
and spinal cord and are cirrie<l out through the sphnchnic ner^es (Hotz, 
1909) \ccordmg to I^hnnnn (1913) inhibition l^ the onK effect on the 
small intestine which cm be brought about b\ stimulition of ifftrent 
ner\es On the other hand, afferent stiinul ition of the \ agus and somatic 
ner\ es exerts a motor mfluence on tlie large intcstmc w hile afferent stimu- 
lation of splmclmic, lupogastnc and \i'«ctral sieral nervis exerts inamK 
an mhibitor\ influence on this duision of tiic diga-^tixe tube lehmann 
further pointed out tint reflexes affecting the intestine which arc elicited 
b\ stimulation of the a agus and som itic afferent neia cs are me<liatcd 
through centers in the inedull i w hilc tho^e elicited bN afferent stimulation 
of the splanchnio, ln*pogistric and \isceril sacral ncr^cs are mcdiited 
through centers in the spinal cord 

Physiologic Relationships of the Entenc Plexuses -''tction of extrinsic 


fieri es, as pointed out aboit neither interrupts gastro-intcstinal inotiliti 
fior profoundh modifies the gastro-inttstiin! moicmcnts llicrc is a 
strong tendonci on the part of the si stem furthinnore to restore norma! 
functional actiiitv in a rclatiicK short time following the disturbances 
which arise as tlie result of such operatue interference For example, 
bilateral 1 agus section at the 1 cm I of tlic diaphragm results in diminution 
of tonus of the g istro-mtcstm il inusculature md retard Uion of peristalsis 
but both tonus and peristaltic actiMti are soon restored to the condition 
iimch existed before i agotomv Rihterjl section of the splanchnic ner\ es 
remits m increa«!cd tonus and augmented peristaltic acti\ it> This also 
subsides in a rclati\el^ short time and in some instances is followed a 
hjliotonic condition Section of both \ igiix md splanchnic ner\ es results 
in marked hypotonicitN of the stomach md retardation of peristalsis This 
condition is of longer duration following bilateral than following unilateral 
section of these ntiwes (Bickcl, 1925) Section of the s\Tnpathetic neiwes 
^’jPPjjing the large intestine not uncoramonU results in mild diarrhea 
Which gradually subsides In our experimental animals (cats and dogs), 
requent discharge of soft ftces was ol^erved in main instmces for some 
® following romo\al of the infenor mesenteric ganglia or extirpation of 
e lumbar sympathetic trunks Relief of chrome constipation m man also 
^^ported following lumbar sympathectomy 
he ner\ous phenomena invohed in the normal functioning of the 
obMously cinnot be adequateU explained on the basis of 
j inhibitor\ control mediated through the s\mpathetic and para- 

j P^fbetic outflows from the central nenous sxstem Man^ reactions 
knoV^t^^^^ entenc nervous s\stem Gastro-intestina! motilitv of all 
suDnl*^ has been observed following section of the extrinsic nerves 
thoueh^^ digestive tube in question This inotilitv, 

nervM subject to central nerxous influences through the extrinsic 

> originates in the neuromuscular mechanism m the wall of the 
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gistro-mtcstinal can'll Gnatro-intcstmnl rnotilitj of cortam t>pc9 prob- 
ihlj isinjogcnic, Imtimmj ofthemctionsv.Ind»commonlN are rccogn) 7 ed 
aa rcHcxca arc imtmtwl m tbe cntcnc nmous ajstrm nml cimwl out 
through It 'Ihe reciprocal inhibition lONoUnl in the ccKinlmatcd actmU 
of t!ic muscle la> ers also requires the functioning of the enteric ncr\ou 5 

mulnnisms (Krishinan, 

Eatenc Conduction — Coiulucdon withm tlie Mali of the digestive tube is 
a function of the enteric nervous svstem Acconlmg to Mvnrc'/ (1929) 
the rate of tnvd of peristaltic rushes m the mtestine of the nhbit « 
pneticnllv unaltered following section of tlic vagus mrves, the intestine 
13 abnonnallv sensitive to farsdit stimulatiou hut the gradient of scnsitiv 
itv from the duodenum distalw ard rtimiim unthsugwl 'A he ntc of trai el 
of peristaltic rushes aho rcinams unnltercil following section of the splancb 
me nerves The latent periods m all pirts of the intestine, cveept the 
duodenum, arc shortcncil hut the normal gradient of the latent periods 
remains unchingcHl In rahhits which survivci! tliret weeks or longer, 
following hiiatcral section of lioth vagus and vphnchmc nerves peristaltic 
rushes still traveled at a normal rate hut the latent jicntxls were shortened 
as in rahhits suhjected onlv to hdateral nectmu of the splanchnic nerv cs 

In another scries of experiments on rihhits, Alv an / (lO'lO) show cd that 
conduction is stopped at a «car following section of all the lavcrs of the 
intestine except the mucosa, but pcnstnltic rushes arc not interrupted bv 
such a scar because tlic> push intestinal contents ahead, tniising mechanical 
dilatation of the sigmcnt pibt distal to the scar 'i1»e same phenomenon 
mav be ob«crvc<l m an intestine which is cut tlirough and the proximal 
and distal portions loiucd together hv a glass tube I^aw son and Templeton 
(1032) also reportwl tliat peristalsis, ns n wave of contraction, does not 
pass from tlic proximal to tlie distal sipncnt ov er a transection of tlie large 
intestine of the dog m the region of the splenic flexure 

Tlie conduction of wavelets proilutcd h\ local electrical stimulation 
according to Alvarez (1930), is not changetl following degeneration of the 
a agus nerv cs but is interfcrwl with following digcneration of the splanch- 
nic nerv es In the small intestine of the rabbit, such wav cs of contraction 
normallv trivel 1 to 5 cm ornlwnnl and 1 to 20 cm aboralnard In 
Alvarez s experiments, the modal distances were 5 cm oralward and 10 ctu 
aboralw arc! The mean rate of cowluction v aried from 5 cm per second 
m the duodenum to 3 8 cm per btcond in the lower ileimi 

The observation tint &timnlntjon of the intestine of tlie rabbit at am 
point gives rise to a wave of contraction which travels both oralward and 
aboralw ard from that point, reptatedlv reported bv Alvarez, is contrarj 
to the observation of Bavhss and Starling (1899, 1900) that stimulation of 
the small intestine usuallj results m contraction above and relaxation 
below the point at which the stimulus is applied The so-called ' law of 
the intestine, ’ which is baaed on this observ ation of Bavhas and Starling 
according to the findings of Alv arez, does not obtain in the rabbit On the 
basis of a careful stud> of successive pictures of a cintma film taken of a 
rabbit's intestine, under a bath of salt solution during the progress of 
peristaltic rushes, Alv arez and Zunmerman (1927) concluded that "what 
looks occasionally like descendmg inhibition is really distention due to the 
adv anced column of inte'^tmal contents ” 
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Entenc Reflexes — Vs obscncd b\ C'liinon (lOOb), the difTcrcnces in the 
nte of disclnr^c of difTercnt kinds of food from the stomach persist fol- 
lowing bihtcnl section of both sphnclmic 'ind Mgiis ncr\es Relaxation 
of the p\loric sphincter when the contents of the p\lonc antrum become 
acid also occurs in the excised stomach (Cannon 1907) Vccording to 
Brunemeicr and Carlson (lOlo), mechanical and chemical stimulation of 
the upper part of the intestinal mucosa inhibits gastric tonus and hunger 
contractions 'iJicse reactions persist but ire less marked following 
bilateral section of both \ igus iiid spl inchiiK iur\es It mu be assumed, 
therefore, that these and siinihr rcspoiiMs dicited b\ stimulation of the 
gistric inucosi imoUc local as well is ttrcl»ro>pinal riflex mechanisms 
Mechanical irnt ition of the diKHlcnal miicos i through i duodenal fistul i 
m dogs with extrinsic ncncs to the stomuh ind intestine intact, is 
obser\edb\ I uckhardt Rhillips ami Carlson (1919) elicits tome contrac- 
tion of the p\!oric sphincter Ihc sunc phenomenon w is obserictl b} 
Thomas and Kimt7 (1920) in dogs which hid been subjected to bilateral 
section of both \agus and splanchnic nerves Ihu reiction could not be 
elicited when conduction through the locil luiiromuscular inech inism was 
arrested 1)\ compression of the wall of the proxiinil portion of the duo- 
denum between i ligiturc on the outside and \ ''olul cvliiidncil bod\ in 
the lumen It oln loiish maN be earned out is i reflax tlirough the local 
neuromuscul ir mechanism at least m the ahse nee of intact extrinsic ner\ ea 
Exner (1902) ob&cr\e‘d that sharp nietalhe olijects e g pins ind needles 
introduced into the digestive tubes of experimental inmnls with their 
food, not uifreqiicntU jnss through and irt disehargenl in the tcccs without 
having penetrated the g istro-mtcstmal vv ill or injured the mucous epith- 
ehum On examination of the intestine while pins and needks were passing 
through It, these objects coinmonlv were foum! Iv ing m longitudinal groov es 
tn the mucosa, the majontv of the pins being loe ited w ith the head aboral- 
ward According to 1 xncr, the stomach and intestine possess m the mus- 
cularis miicos'^ a mechanism winch is adapted to protect the epithelium 
against injurv b> pointed foreign bodies Ulien a pointed bodv touches 
the epithelium it forms n groove, t c the epithelium evades the pointed 
object and effects contact with the foreign bod^ m a manner which is least 
ikelv to cause injurv In a stud> of the motihtv of the musculans mucosm 
and the intestinal vilIi, King and Arnold (1922) ilescnbed retraction of the 
'1 u and ndging and pitting of the mucosa in response to mechanical and 
0 emical stimuli applied to the intestinal epithelium Since these phe- 
nomena aUo occurred following section and degeneration of the splanchnic 
oorves, tliej interpreted them as local reflexes mediated through the local 

neuromuscular mechanism 

studving the inotilitj of the large intestine following section of the 
(19CU’f*^ nerves, Bajliss and Starling (1900), Elliott and Barclaj -Smith 
the 1 ' Kanglev and ^lagnus (1905) all concluded that peristalsis in 
wh also involves a local reflex mechanism In animals in 

ant? ®P^nal cord had been destrojed, Lvman (1913) observed that 
froi^th^^ 1 large intestine ceases when food material enters it 

sjste ^ This also involves reflex activity of the enteric nervous 

folW 1 P°*nted out above, the defecation reflex also mav be restored 
carried"^ destruction of the spinal center through which it normallv is 

nnt In experiments reported Raiford and Mulmos (1934), 
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imoh inp localized '^tunulation of the muam in exteriorized paces of the 
dog’s colon, reflex nmsciilnr responses to mild ineelmmcal stimulation 
persisted follow mg section of tlic cttnnsic iicrx e*3 In unancstiiclizcxl dogs 
localized stimulation of the colonic mucosi x\ns fnlloacsl hj contraction of 
the longitudmnl muscle at the site of the stimulation and distal to it and 
l)> contraction of tlie circular muscle, three to fi\c seconds later, at the 
site of the stimulation and proximal to it 

Iht \arious gastro-intestinal reactions just referred to and certain 
others commonlj arc regarded as reflex activities Inasmuch as all these 
reactions mav he earned out mg section of the nerv es tlirough which 
thc\ miglit he mediated us ccrchmspmn! reflexes it must he conceticil lliat 
the enteric nerv oiis system mcUulesmcchnmsins tlmmgh which coonhnated 
reflexes are earned out 

Rhythmic Oastro-intestlnal ContiacUons — Knt a little experimental cm 
dence has been advanced which seems to indicate that the purclv rhvthmic 
contractions of the gastro intestinal musculature are mjogciuc According 
to Bavhss and Starling (1800), the rhvthmic contractions of the small 
intestine persist following the admmistmtion of drugs m dosc-s which the\ 
regarded as sufficient to pandv zc the mv enteric plaxus Ihev also ohscrv ed, 
under these conditions, that waves of contraction which imhkt peristaltic 
contp ictions, are not prccotlcxl hv inhibition, adv nnee mdifTcrcntl> m either 
direction along the small iiitcstmc Acconlmg to Elliott and Harclav- 
Smith (1904), antipcnstalsis in the large intestine persists following the 
administration of nicotine in doses sufllcicnt to alxilish pcnstaUis m the 
small intestine According to Cannon (1909), gastric ptnstaUw persists 
follow mg the ndinimstratiou of nicotine m large doses or multiple incisions 
tlirough the muscular lav ers of the stomach w liicli lie regarded as sufficient 
to interrupt the contimut) of the imcntcnc plexus lie aUo reported that 
the rhjthmic contractions m the small intestine nrc not abolished bj 
multiple incisions througli the muscular Inj ers (Cannon, 1912) 

Bajhss and Starling (1899) advanced the theorj that the rlijlbrnw 
contractions of the intestine, x e , those which persist after the coordinated 
movements which the> regardcil ns reflex arc abolishcil, are mjogenic 
This conclusion ma> be esscntiallj correct but it cannot be regarded as 
fuUj substantiated bv the results of their experimental work with nicotine 
The inference that the enteric plexuses ore no longer functional following 
abolition of the myenteric reflex is untenable As observ ed bv King and 
Arnold (1922), responses of tlie intestinal vilh to chemical and mechanical 
stimulation of the intestinal epithelium ore not abolished bj nicotine until 
It is present m sufficient concentration to paral> zc the rauxcularis mucos® 
rhe> interpreted these reactions as reflexes mediated through tlie sub- 
mucous plexus Thev seemed to be of the opinion that this plexus is not 
affected by nicotine in die same manner as, according to current concep- 
tions, this drug affects other autonomic ganglia They w ere not conv incra 
that nicotine paraljzes the in>entenc plexus Thomas and Kuntz (1^-^ 
ha\ e shown that the influence of the x agus on the small intestine, as judged 
b> the motor effects of vagus stimulation, is not abolished by doses of 
nicotine many times as large as the dosage which m the experimentb of 
Bajliss ind Starling abolished the pcnstaltic reflex The dosage emploj w 
b> Bajhss and Starling (2 to 3 cc of a 1 per cent solution for a small dog) 
if not increased holds the m mifestation of the tj-pical effects of vagus 
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stimuhtion in 'ibcNancc When nicotine is adininistcred in grc'itl^ in- 
creased do'jcs, \ igus stimulition ngiiii becomes cfTtctuc and remiins so 
until the drug is present in n concentr'ition representing 2 to d gnnis of tlie 
undiluted alkaloid per kilogram of bod\ weight (Ihomas and Kuntz J92G) 
This finding has iieen confinntd l)\ Miilinos (1027) and AI\arez (1931) 
The small dosage of nicotine einpIo\cd b\ IH\hss and Starling obMoiisU 
does not piriUze the \ igo enteric ineeliiiiism Init liolds certain of its 
functions in nbe\ incc j)robab!\ b\ a process cd inlubition Ihe results of 
the eapenincnts of B i\ liss and St \rling consccjucntlv do not demonstrate 
thein\ogenic nature of tlic rliNthinic contrictioiis which persist following 
abolition of the m\ enteric reflex b\ sm dl doscs of incotiiu 
The experimental results rccordeii b\ Magnus (lOI)o) (lunn and Lndcr- 
hill (1914), and Al\ irc/ and Mahont\ (1922) ire more (oinmcing but not 
conclibi\e Ihcsc nuistigitors took aih ant igc c»f the f ict tint the long- 
itudinal muscle, with the mijor portion of the msintenc plexus adhering 
toit.andthosubmucosi, including the subnuieous plexus ma\ hescpirited 
from the circulir muscle Ihee proceeded on the issumption tint circular 
muscle isolated in this manner is prieticiIK fret from ner\ous dements 
especialh if onl\ tlie deeper la\ers art ret lined Ml these m\cstigator» 
obser\cd rluthmic eontnctions in strips of intestinal muscle isolated in 
this manner, altliougli Aragims ob'crxtil them onh ifter the use of stim- 
ulating drugs I hcse results were mterpretid is indu iting th it intestin il 
muscle max contract rlixthinicalU m the ibsencc of ner\c impulses at 
least under certain conditions fins interpret ition w is criticized b\ 
>an hsxeld (1928) on the basis of his ohstn it ions on pn p iritions of the 
mtestine of tlie cat which rc\t ilcd the cxistemi of g inghon cells imbedded 
m the circular muscle [a\ tr In \ icw of tins finding it e innot he assumed 
that anj portion of tlie circular muscle is complctclv denerxated b\ 
luechanical sepiration Lxtn tliuugii eoinplete denerxation could be 
assumed the results reportexl b\ the iinestigators named aboxc would not 
proxc that the rhjthinic contractions of the gastro-mtestmi! musculature 
•u the intact animal arc independent of ncrxous control 
Certain experimental data seem to indicate tint c\cn the rhjthmic 
contractions of the gastro intestinal musculature in the presence of the 
in act enteric nerxous sxstem, art subject to nervous influences According 
0 toger (1900), the strength of the rhvtiimic segmenting eontnctions in 
ob^ influenced hj the nature of the intestinal content Pic 

segmenting contractions were weaker when the intestine 
^ "‘th a sodium chloride solution than when it was filled with a 
^^ution of sugar or peptone Yanasc (1907) also reported that he could 
spontaneous movements of the digestive tube in embrvos of 
j Smnea*pig until the m\ enteric plexus had dev eloped 
n an experimental studv inv olv mg the use of nicotine m massiv e doses 
(1926) have shown that rhj thmic gastric and intestinal 
and the intact animal and m excised pieces of the stomach 

sjgtp^^^tine persist following complete paralvsis of the enteric nervous 
isticaP^ ^'mographic records of these contractions differ character- 

^nteri ^ records of rhj thmic contractions obtained w hile the 

these remains functional In so far as the results of 

the indicate that the gastro-mtestinal musculature possesses 

fent capacity to contract rhjthmicallj, they corroborate the find- 
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iiigb of those nuestigutora ^\llo ngnnl the rh\thtnic contractions of the 
stomach and mtcstino as m\ogenic but thc> neither indicate that these 
rhjthmic contractions are normally camcil out without nervous control 
nor that the gastro-intcstinal musculature could adequately perfonn even 
its simpler motor functions m the absence of nervous regulation Tlie 
rhythmic gastro-intcstinal contractions winch persist after the enteric 
nervous bvstem is parnlvzcd differ widclv from those carried out m the 
unpoisoncd orgms Ihc records of even the simplest forms of rhvthmic 
activitv m an unpoisoncd segment of tlic intestine, m which functional 
activity of the enteric nervous avstem iiiav still be assuniei!, are character 
ized by frequent changes in tonus and amphtudt which show a high degree 
of variation and complcvitv None of thc’sc irregularities appear in the 
records obtained following denervation with nicotine The movements 
which pt rsist consist of mccliamcnlly regular contractions and relaxations 
\\ hilc the records obtained before the adinmistmtion of nicotine cannot be 
regarded aa reprc'^cntmg ‘itrictlv nonnnl functional actw vtv , the difference 
between the axtreinclv variable activity of the unpoisoncd viscus and the 
mechanical rcgulantv cxliibited bv the dencrvatwl prcpiration probably 
represents in some measure the functional control normally exercised h\ 
the enteric nervous ay stem The frequent changes and irregularities 
observed m the records of the activitv of the unpoisoncd viscus under 
experimental conditions probablv ^cpr<^cnt tlic functional activitv of a 
nervous mechanism which is tapablt of bringing about similar changes m 
an orderly and purposeful sequence under tlic influence of the stimuli of 
Its natural environment 

As the dosage of nicotine was increased in hotli the experiments cimed 
out on exubcd pieces of tlic intestine and (hose c irned out w ith the stomach 
and intestine in aiiu, the amplitude of the rliy thmic contnctions increaacd 
progressively until the concentration of nicotine became relativclv high 
and then gradually decreased Assiunmg tliat the influence of nicotine in 
moderate doses is exerted mainly on the neural mechanism, this fact 
suggests a functional relationship of the enteric nervous svstcin to the 
amplitude of the rhythmic contractions Since all activitv ceased m very 
high concentrations of nicotine, it seems highly probable tliat the gradual 
reduction m the amplitude of the rliv thmic contractions, after the max- 
imum amplitude was readied was due to the depressing effect of nicotine 
in high concentration on the muscle dircctlv Tlie cause of the progressive 
increase m amplitude which preceded tins depression is less apparent It 
may be the primarv stimulating effect of nicotine on the muscle preceding 
the depression On the other hand, tlie gastro intestinal inusculatiu« 
normally may be subject tp inbibiton influences exerted bv the enteric 
neural mechanism Such inlnbitory influences w ould be reraov ed as soon 
as the neural mechanism became matenallv depressed by nicotine The 
fact thit preparations of excised intestine which, when first set up, are 
quiescent may be throvm into action promptly bv the administration of 
sufficient nicotme to materially depress the neural mechanism, f a\ ors the 
latter possibility Both stimulation of the muscle and remov al of nerv ous 
inhibition probably play a part m tlie phenomenon in question 
The rate of the contractions is not increased in proportion to the increase 
in amplitude as the dosage of nicotine is mcreased Nerve stimulation 
furthennore, does not exert a constant effect on the rate of contraction 
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On the other hand, the depressing effect of nicotine in high concentration 
affects both the amplitude and the rate of tlie contractions These facts 
suggest that tlie effect of remoial of inhibition ina% be quantitatii el\ 
greater than the effect of direct stimulation of the muscle in increasing the 
amplitude of contraction Thei also suggest tint the inhibition, •nhich is 
generalh regarded as responsible for the quiescence of the gastro-mtestmal 
musculature, so commonK obsened following operatiie procedures or 
manipulation of these organs, is not the result of reflexes iniobmg the 
extrinsic neries alone but, as Baxliss and Starling assumed, is due in part 
to mhibitori influences exerted through the enteric nervous sxstem 
The relative constanev of the rate of the rhvthmic contractions as 
compared with the great vanabilitv in tonus and amplitude under the 
influence of drug action and nerve stimulation bv means of the galvanic 
current, throughout these experiments suggests that the rate ma> be quite 
independent of the nen ous influences which bring about changes m tonus 
and amplitude The rate of the rhvthmic contractions probablv depends 
on properties which are inherent m the gastro-mtestiml muscuhtiue and, 
therefore, is subject to nervous control in a lesser degree than tonus and 
amplitude 

The results of these experiments seem to indicate quite clearlv that the 
rhv thmic gastro-mtestmal contractions are mv ogenic m the sen'ie that thev 
mav be initiated and carried out m the absence of nine impulses but that 
thev are normallv subject to regulatorv control which at least in the 
absence of functional extrinsic nerves, must be mediated through enteric 
neural mechanisms 

Inasmuch as the effect of vagus stimulation is held m abevance and 
certain of tlie gastro-mtestmal movements are abolished bv the effect of 
nicotine in moderate dosage it has been assumed bv some that anv func- 
tional acUvitv manifested hv the enteric nervous sxstem following the 
administration of moderate doses of nicotine must be mediated bv nsvm- 
aptic neural mechanisms In the light of the experimental results here 
cited this assumption is unnecessarv \s we have seen, when tht dosage 
of nicotine is progressivcK increased vagus stimulation, the effect of 
vv Inch was held m abev ance bv the sra iller doses of nicotine, again becomes 
effectiv e and remains ‘^o until nicotine is present m sufficient concentration 
to paralvze the enteric neural mechanism, conseqiientlv , there must be 
sv nappes m the vagus efferent chains which are as resistant to nicotine 
paralvsis as the neuromuscular junctions themselves If as indicated bv 
some of the anatomical data set forth abov e some enteric neurons actuallv 
made sv mptic connections w ith others these svnapses probablv are equallv 
resistant to nicotine paralvsis It seems highlv probable therefore, that 
whatever functional activitv persists m the enteric nervous svstem fol- 
lowing the administration of nicotine in moderate dosage is true reflex 
activ itv This V lew obv lates the necessitv both of denv mg the regulatorv 
nervous control of rhvthmic gastro-mtestmal contractions under phvsi- 
ologic conditions and of postulating tlie existence of svnaptic nerve nets in 
the enteric nerv ous sv stem 


In Mew ot the f-ict tint the coSrdimted reflex nctiMties of the gastro- 
mtestmal mubcuhttire mar be carried out apparenth according to their 
normal phasiologic mode m the absence of central nen ous influences, the 
enteric nen ous sxstem must be regarded as more complex both m its 
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amtomic structure * 111(1 pli\sm!oRic functions timn otiicr pcnpbenl plex 
uses, e g , the cardme and pulmonaij plexuses It seems most reasonable 
to regard it *13 n reflex sjstem capable of independent coordinated reflex 
actuitx but subject to reflex motor and mlubitorj influences through the 
centra! nciaous sxstem 

Nervous Regulation of Intestinal Secretion — Imdcr normal conditions, 
the secrctorj aettx itx of tiic mtc^tulal glands depends in a large measure 
on tlic intcstinid contents 'Ihe glnmis in the small intestine normalh 
secrete aerj little or not at all ululc the intestine is at rest 'Nreclwnical 
stimulation of tlie mucosa cdls forth an iminctlinti, flou of secretion from 
these glands llic qimUt\ of this secretion also dtjicnds on the character 
of the luecluvmcal stimulus cmplo\c«l In Gluwkis (1891) experiments, 
the introduction of a pledget of wool into the mtestmc through an artificial 
opening and its passage to another artificial opening farther distalaard 
resulted in the production of a wuteia secretion containing xerx little 
mucus 1 he introductinu of dr\ jhiis through the same opening and their 
passage to the more distal oiu resulted m the production of a leas waters 
secretion contumng much more, mucus In general glandular actniti 
eUcitod h\ tUrcct mccli uuc il atunulatton of the intestinal mucosa m\ oh es 
onh a localired area of the intestine This fact slrongK suggests tliat the 
reflex mechanisms cmplo\ eal inxoKe onl\ neurons in tin. enteric plexuses 

Sawitsch and Soshcsts enskx (1917, 1021) demonstnted a secrctotj 
influence of the sagi on the intcstiiul glands m spinal animals (cats) In 
their experiments \agu3 stumdatioii resulted it\ an increase m both the 
liquid and cnzjant contents of (lie intestinal secretion ^\ilhm certain 
limits, the enzyme content of the intestinal secretion increased with 
increasing strengtli of stimulation reganJJcss of tlie quahtx of liquid 
sccrcteti Administration of atropine m moderate doses resulted in dim 
inution of the secretors effect of \ ngua stimulation and, m large doses abol 
ished it cntircl> Abolition of the scerttorx effect of \agiis stimulation on 
the intestinal glands required larger doses of atropine than almlition of the 
\ agus effect on mtcjjtmal motihtx Tins finding w ns rcganled bj Saw itscli 
and Soshestx cnsk\ as supporting the theorv that secrctorj nctuitj of the 
intestinal glands and intestinal rootihtx arc independent of each other 

Section of the e.xtnnsic ncia es supplj ing n given portion of the intestine 
IS follow cd b\ continuous secrctorj activ itv of the glands in that jiortion 
This has been called paralvtic intestinal secretion Po‘'Sibl\ the vaso- 
dilatation which follows section of the extrinsic nerves is a factor m the 
output of intestinal secretion under these conditions Molnar (1909) 
adv anced experimental data which indicate quite clcarlv that the abundant 
and continuous secretorv activ itv of the intestinal glands following section 
of the extrinsic nerves of the intestine is due mnmij to the elimination of 
normd inhibitorj nene impulses These data like tlie data bearing on 
the effects of vagus stimulation, suggest that the secretorv activ it> of the 
intestinal glands normallj is subject to a measure of regulatorv nervous 
control 

In experiments reported b\ right el al (1940), vagus stimulation, m 
decerebrate and decapitate cats, elicited secretorv activ itv of Brunner !> 
glands in the duodenum but none in tlie jejunum or ileum Section of the 
greater splanchnic nerv es in the thor v\ also resulted in secretorj activ itj 
m the duodenum onlv but section of all the preganglionic sjanpathclic 
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nenes to the intestine resulted m secreton acti\it\ througliout tlie small 
intestine The secretions from all parts of the intestine contained amj lase, 
enterokmase, and traces of in\ ertase and lipase but no protease or pep- 
tidase 

Schiffrin and Nasset (1939) reported diminution of enznne concentra- 
tion and total enzjTne secretion m jejuna! and ileal segments of the dog’s 
intestine following feeding, lasting from sl\ to eight hourb This effect 
w as re\ ersed following section of the extrinsic ner\ cs 

Intestinal secretion is regulated in part the intestinal contents and 
substances circulating m tlie blood i\Io!nar (1009) found tint the intra- 
\enous injection of meat extncti\es in dogs results in increased intestinal 
secretion In man, according to Bickel ind ^Nagner (1934), albuminous 
and fatt\ foods call forth greater sccretor\ actn it\ in the small intestine 
than carbolndrates Powdered pancreatic substance also strongly stim- 
ulates the intestinal glands The secrctora acti\it\ of the glands of the 
small intestine in man is not continuous but intermittent, e\cn in the 
presence of stimulating food material In the intact animal the intestinal 
glands also secrete intermittentlN c\en tlioiigh the stimulating substances 
in the blood arc increased b\ artificial means Molmrs experimental 
results led him to conclude tint the intestinal giant! cells arc contmuouslv 
influenced directb b\ hormones circulating in the blood but their sccretor\ 
acti\it> is norm ill% held m check b\ inhibitorN nerve impulses Brestkm 
and Sawitsch (1927) also supported the tlicorv tint the nervous regulation 
of the secretorv actu it\ of the intestinal glands consists mamh in inhibi- 
tion Ihis also is in full accord w itli the discov tr\ of ^ olborth (1925) that 
secretin is a nonnal constituent of the intestinal jincc 
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Extrinsic Nerves— '1 ho innmntion of the s\stcm is domed 

inninlj from tin cthac plc\us nnd the Mi;;t 'llie phreme plexus prohabh 
contributes to the hilnn nerxiH m viinc instances 'Hie ncncs ■which 
supplj tile In or, pull hlnddir and bilt ducts form a plcxifonn structure 
Mhich inivj he suhdu idc<l into an anterior ami a posterior hepatic plexus 
(l^aigorochkj 1028) 'Ihc anterior hepatic plexus is locattxl in relation to 
the hepatic a^ter^ , around whicli it fonus a dense ine*>!iuork It is domed 
manil> from the left portion of the celiac plexus aud the ripht abdominal 
brancli of the left xapus which approaches the hepatic portal Ma the 
hepatogastric hg imcnt Some of its liranchcs jnm the celiac plexus Tlic 
anterior hepatic plexus includes tlic internal nerae to the csstic duct and 
the, gall hladder and the nenus pancroaticocholtxlochus Tlie postenor 
licpatic plexus is located m relation to the portal xein and the bile duct It 
IS derned maml\ from the right p<»rtion of the celmL plexus and branches 
of the right xngus which traverve this plexus It mclmics three or four 
mam trunks which take a transserse course behind the portal \cm and 
reach the posterior surfaces of the bile ducts The right lateral trunk 
assumes a position along the posterior surface of the common bile duct and 
IS distnbutwl mainlv to this duct It gi\es rise to tlic lateral nerso of the 
g \II bladder and some anastomotic rami to tlic anterior hepatic plexus 

The major ganglion in the right portion of the cehac plexus usuallv is 
larger than the one m the left portion and probablv contrihutcs the major 
portion of the SMnpatJictic fibcia. in the bi)iar> ner\es (Alexander, 1040) 
Rami arising from both the right and left portions of the eelme plexus 
contribute to the plaxiform structure on the hepatic nrterj and mingle to 
some extent m the anterior and posterior hipatic plexuses Tlie plexifonn 
structure in the hepatic portal mchides numerous small ganglia 

In those cases m w Inch the phrenic ncr\ c contributes to the mner\ ation 
of the h\er, according to llaigorcKlsk> (1028), phrenic branches join 
sjanpathetic rami a^hlch enter the lixcr either through the hepatic portal 
or near the posterior hepatic border In some instances branches of the 
phrenic ncr\ e jom hep itic rami of the left aagus 

Ihe innera ation of the cholcdochoduodenal junction appears to 
pirticularlj abundant In the cat, nccoitUng to Schulze and Bojden 
(1043) this region is supplied through ta\o independent pathways, the 
gastroduodenal ner%e and the gastroduodenal plexus The gastroduodenal 
nen e arises by confluence of brandies of the hepatic plexus w hich include 
fibers demed from both right and left celiac ganglia, and branches of the 
cehac division of the right \agus (Tig 60) One of its two mam branches 
terminates at the junction of the bile duct and the intestine The gastro- 
duodenal plexus, associated a^ ith the gastroduodenal arterj , is made up of 
fibers deri\ ed from the hepatic plexus ami a few recurrent fibers of the 
toronar\ nerve Both pathwajs contribute fibers to the paracholedochfll 
plexus At the choledochoduodenal junction those dtriv ed from the gastric 
duodenal plexus tend to follovi the supenor pancre iticoduodenal arterj and 
(2o6) 
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illustration of the extrinsic inneri-ation of the choledoehoduodenal 
the cat (Redrawn from Schulze and Bojdcn 1943 ) 
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its branch, tlic common duodenal nrtco 'Iliosc dtrn cd from tlie Rastro- 
duodcnnl nci^c tcnninntc liotli in the intrinsic plexus of tlic bile duct and 
adjacent portions of tlic m\cnttric plexus 
Intnnsic Nerves —As tlie hepatic nrtcrj and jiortal \ciii enter the Iner, 
thc\ arc accompanied b\ nencs made up mninl\ of unmxelinnted fibers 
'ibese nerxes j,i\c rise to branches xxhicli continue along tlie brandies of 
the blood xcssels and bile dnets In Golgi preparations, Herkclex (1893) 
described the nerxes associated xxith the hepatic \csscls an<l bile ducts as 
delicate plexuses and pomttxl out that tin siipplx to tlic hepatic arterx is 
more abundant tlmn tiint to the portal xetn ^a^K)ns inxestigntors 
particulnrlx Bcrkcltx (1803), Wolf (1902), Grcxing (1921) and Ilcigcle 
(1028), baxc supivirteil the assumption that nerxe fibers penetrate the 
lixcr lobules and tenmnatc m nlntion to Iixer cells I he results of most 
of the more recent inx cstigations do not snpjKirt tins point of x icxx 
Ihc intrahcpatic nerxes ns obserxcil bx Alexander (1910), compn e 
mninlx unmxclinatcxl fibers and a limited nnnilier of rnxclmatcd ones fhe 
latter probablj are xi'.ceral afTcreiits In general tliesc nerxes arc closeb 
associated xxith the blood xcssels and bile ducts to xxliich tbex arc func 
tionallx related Alexander could trace no nerx e fibt rs into tlic parcnchxana 
of the lixcr lobuIc*a 

The intramuril nones of the hilt ducts and the gall bladder form 
irregular plexuses in the ndxentitin the musculnns and the submucosa 
The ndxentitial and intramuscular plexuses include small ganglia at their 
nodal points (Dogiol 1800, Hurting 1911) 1 hose plexuses arc mtimateb 

connected xx itli one another and xx ith the snbimieous plexus xx hicli probablj 
includes no ganglia Alexander (1910) reported indixalual ganglion cells 
in this plexus in tlic gall bladder I ibcrs of the submucous plexus approach 
the cpitbolmm but proli ibis do not iienetratc into it 
At the cholc<locliO(luo(lcnal junction, ncconlmg to Schulze and Bojden 
(1041), the more delicate tliolceloclial plexus and the licaxier mxcntenc 
plexus arc connccteel bx strands of ncnc fibers but there is no direct 
continuitj of tlie one plexus x\ith the other In the sphincter of Oddi os 
demonstrated bj Boxdcn and ^ an Buskirk (1943) in the cat, the intrin^ 
plexus includes numerous small ganglia This plexus undergoes no marked 
change due to degeneration of the fibers of cxtnnsic origin 

In experiments reported bx Alexander (1910) bilateral degeneration of 
the xngus nerxes did not npprcciablj niter the abundance and diatribution 
of nerxe fibers m preparations of the biharj sjstem except in the hepatic 
portal xxliere the mxclinated fibers xxcrc re<luce<l m numbers m some of the 
nerxes accompanj ing the blood xcsscls and bile ducts I xtirpation of 
the celiac ganglia cannot be carried out xxitbout nUo mtemiptmg part 
of the X agus supplj to the biliar> sjstem This operition resulted m almost 
complete degeneration of the intrahcpatic nerves, except for some fibers m 
the nerxes associated xxith the bile ducts It probablj completel' dim 
mated the vascular innervation and mntcriallj reduced the numbers of 
intramural fibers m the bile ducts and the gall bladder Bilateral vagus 
section and extirpation of the celiac ganglia resulted in degeneration of 
nearlj all the fibers in the extnnsic biliarj nerx es, complete degeneration 
of the nerxe supply to the blood xe!>sels throughout the biliarx sjstem and 
degeneration of all the fibers m the avails of the bile ducts and tlie gau 
bladder except those arising m the intramural ganglia and ganglia m the 
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hepatic portal These results support the assumptions that the efferent 
inneia ation of the hepatic blood a essels is soIeK sMnpathetic and that the 
musculature of the bile ducts and the gall bladder is ln^e^^atcd through 
both s^'mpathetlc and paras\anpathetic neraes 

Nervous Regulation of Liver Functions —Intrahepatic Vasomotor Regula- 
tion —Functional s%Tnpathetic innerx ation of the intrahepatic a essels has 
been ampK demonstrated but the data bearing on the possible influence 
of paras\anpathetic ^er^es on these \ essels are not in complete agreement 
Stimulation of the splanchnic neraes or the hepatic plexus uniformly 
elicits constriction of the hepatic arterioles ind the terminal branches of 
the hepatic portal aein, causing a rise m portal pressure (Ba^llss and 
Starling 1804, Ca\azzani and Manca, 1S95) I he lnflo^' of blood, con- 
sequenth, is reeluccd The same stimulus results m an increased outflo^\ 
from the li\tr, consequenth , h\er xoliiinc is reduced (Thompson 1899, 
Burton-Opitz, 1914, GrifTith and Finera, 1931 , Bauer ef nl , 1932,Lckliardt, 
1935) Thus, the h\er, like the spleen under certain conditions pla^sa 
role m the regulation of the s\stemic blood pressure (See Chapter 3TII ) 
Changes m intrahepatic circulation also pla> a role in the metabolic and 
secretor\ functions of the li\ cr 

Certain in\estigatorb (In eubauer 1913 Carnot e/ n/ , 1930) ha\e reported 
effects of \agus stimulation on intrahepatic circulation Others on the 
contrar\ ha\e failed to demonitrate an appreciable effect of parasym- 
pathetic stimulation on the flou of blood tliroiigli tlie h\er (Bauer et al ^ 
1932, "McMichael, 1937, "Wakim 1942) In ^^aklm s (1942) experiments, 
earned out on amphibia and small mammals \\ith the aid of transillumina- 
tion of the Incr, stimulation of the hepatic plexus caused constriction of 
the intrahepatic a es'iels, including the sinusoids, w hercas \ agus stimulation 
produced no perceptible effect on the intrahepatic \ essels 

Bile Secretion —The earlier phNsiologists, including Heidcnhain (1883), 
found no cMdence of nervous influences m the secretion of bile Certain 


investigators have reported both qualitative ind quantitative changes in 
the bile output due to nerve stimulation (Ciger, 1910) and nerve section 
(Gaissinskv, 1928) 

The secretion of bile continues uninterruptedlv , but the rate of secretion 
v aries from hour to hour and under v arv ing conditions of nutrition During 
periods of fasting it is very low and is incrcasevl but little after a meal of 
carbohv drates but considerablv after a meal of fat and still more markedlv 
after a meal of proteins In experiments reported bv Ilillvard (1930,1931) 
and Lindberg (1931) corresponding chmges m the output of bile after 
meals of carbohv drate, fat and protein respectivelv were observed in dogs 
following complete denervation of the h\er 

Although the secretion of bile is not directiv influenced bv nerv e impulses, 
it IS definitely altered bv changes in intrahepatic blood pressure In exper- 
iments reported by Tantiui and Iv\ (19^) acute increases in hepatic 
portal venous and hepatic arterial pressure resulted in diminished bile 
output Occlusion of the hepatic artery resulted in augmentation of the 
bile output for at least a few hourb Stimulation of the syanpathetic 
nerves to the liver results in diminished bile production due to its vaso- 
constncting effect In general reduction m the blood volume flow through 
in a decrease m the output of bile, vihereas an increase in 
the blood flow results m an increase in the bile output except when the 
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increase m tlie blood flow is nssocmted with increascil intrahcpatic blood 
pressure 

In one serus of expernnents Tnnturi nnd I\\ (1038) obtained data 
w Inch setined to indicate a direct effect of x npus impulses on the production 
of bile in the dofj and tlic inonkex but not in the cat or the nbbit Tliev 
reported an cxcitatorv -sccretorx effect in the dop nnd the inonkc\ produced 
bx stimulatuiR the peripheral end of the xnpus m the neck fixe daxs after 
section of this nerxe lliex also rtportc<l iiu;;mcntation of hile secretion 
m the dog elicited bx stimulating tlic central end of the dixided xagus 
while the other xngus rcmainc<l intact Section of the second xagus 
abolished tins effect Wien both \ngi were divided stiinuhtion of the 
central end of one of them roultwl m diminisbctl Iiilc secretion Tliese 
results seem to indicate both direct and reflex effects of vagus stimulation 
on bile secretion In x lew of the functional capacitj of the bv cr following 
section of nil its extrinsic nerx es jmhI the nlvsencc of conclusix c c\ idcncc of 
nerxe fibers witliin tlie lixcr lobules tbev probablv can be explained with 
out the neccssitx of iKistulatmg direct contact of nerve fibers with thr 
liver cells 

Carbohydrate Metabolism — Stimulation of the center for cnrlxihjdnte 
metabolism m the floor of the fourth ventricle not uncommonlv results in 
hxpcrglvccmia and glvcosurm Cltiide Ilcrnanl (1887) observed that 
puncture of this center I-' not foUovvwlbv ghcosiina or bvperglvccmia in 
animals whose suppU of gljcogcu has licen dcplctcvl bv t'ontmued fasting 
He also obserxed that section of the spinal cord m the lower thoracic 
region does not prevent glvcosurm following stimulation by puncture of 
the so-called sugar center, hut that such stimulation Ins no mfluenec w 
the conversion of glycogen into sugar following section of the spinal cord 
m the upper thoracic region rias lend him to conclude that puncture of 
the mcdullarv center m question stiiniilntes sugar production onlv in the 
Itx er and that the efferent impulses which bring nbout tins result reach the 
hxcr through the splanclinic nerves The results of more recent exper 
iments indicate that tliese impulses arc conducted from the spinal cord via 
the fifth and sixth thoracic nerve roots fjiat the liver is the seat of the 
increased sugar protluction following puncture of the sugar center is al'O 
indicated bj the fact that glvcosuna docs not follow this operation when 
the hepatic vessels are ligated 

The carbohjdrate center probablv receives a constant mfliLx of afferent 
impulses, particularly througli (he vagi, which plav an important role m 
the regulation of the normal production of sugar m the liver Pfluger 
(1903) adv anced the theorv that the bodv , bv v irtue of this reflex mechan- 
ism, IS enabled to dnw upon the foo<l supplv represented bv the gh cogen 
m the liver whenever an increased expenditure of energy is required For 
example, when a particular group of muscles through prolonged activity, 
has exliausted its local food supply , afferent impulses are conv ev ed to the 
medulla which activate the carbohxdrate center and thus bring about the 
release of energy-producing food matcnnl for immediate use 

Certain diencephalic centers, as indicated both bv morphological and 
physiological data, also plax a part m the regulatory control of carbohv 
drate metabolism Brooks (1931) has demonstrated that reflex rises m 
blood sugar equal to those produced m animals w ith intact central nerv ous 
systems may be obtained after section of the brain stem below the nnd 
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brain The higher centers, therefore, ob\iousK are not necessarv for the 
mobilization of carboh\drates as manifested m reflex rises m blood sugar 
The data bearing on the influence of ner\e impulses on carbohx drate 
metabolism are not unequn ocal Claude Bernard (1887) ad\ anced the 
theorj , on the basis of his findings, that impulses emanating from the 
carboh%drate center effect circulatory cliangcs in the luer v-hicli m turn 
influence Iner functions Little naa then known regardmg the role of 
hormonal substances, such as adrcnin and insulin, in carboh\ drate metab- 
olism Some of the later investigators, particularly Pfluger (1903), Stark- 
enstein (1912) Ligtr (1915) and Snvder (1937), Ime interpreted their 
experimental findings as supporting the assumption that nerve impulses 
influence carbohv drate metabolism by exerting a direct effect on the hver 
cells Others, e g , Asher and Correl (1918), have supported the theorv 
that carbohv drate metabolism is regulated in part through the direct 
effect of ntrv e impulses on the hv er cells and m port tlirough hormonal 
substances Still others support the assumption that the mflutnce of 
nerve impulses on carbohv drate metabolism is exerted mainlv through 
their effects on the secretory activitv of the appropriate endocrine glands 
The output of adrenm is known to be increased bv sympathetic stimula- 
tion, the output of insulin bv parasympatbctic stimulation Stimulation 
of the carbohv drate center coromonlv results in an increased output of 
adrenm (Carrasco-rormiguesa, 1922) winch in turn causes a rise m blood 
sugar ^ ariations in the concentration of sugar m the blood according to 
Toenniesscn (1924), constitute the chief phv siologic stimuli for the carbohv - 
drate center Injury to this center results only m temporarv glycosuria 
Frank diabetes mellitus probablv results onlv from disease of a peripheral 
organ involved in carbohv drate metabolism, particularlv the pancreas 
Experimental data reported bv Clark (1928) seem to indicate that the 
production of hyperglycemia bv the intravenous injection of pituitrin is 
not influenced bv autonomic nervo impulses Hill and Mavcock (1939) 
reported no significant changes in the blood sugar level m cats due to 
cervical syanpatbetic stimulation m both acute and chronic experiments 
In an experimental studv on ribbits involving the administration of 
adrenm and insulin, Dresel and Omonskv (1927) observed lowered 'idrenin 
hypergly cemia and increased insulin hypoglv cemi i follow ing bilateral v agus 
section and bilateral section of both the vagus and splanchnic nerves 
Donald (1931) reported the results of studies extending over a period of 
four months after section of the hepatic nerv es, w hich indicate no modifi- 
cation in the fasting blood sugar, the hvpcrghcemi i produced by adrenm, 
glucose ind pituitarv extracts, or thi hvpoglv cemia produced bv insulin 
due to denervation of the hver Edw uds, Brouha and Johnson (1938) 
observed no difference in the increase m blood lactate due to exercise in 
normal and chronicallv syanpathectomizcd dogs and no change m the blood 
lactate after injection of insulin or ingestion of glucose in either normal or 
sjanpathectomized dogs, but a greater increase following th( injection of a 
given dose of adrenm m adrenalectomized or totally sjanpathectomized 
dogs than m normal ones Brouha, Cannon and Dill (1939) reported the 
results of experiments m which dogs, following total sympathectomy, with 
oT without removal of the adrenal medulla, maintained a blood sugar 
balance w ithin the normal range dunng exercise and follow mg it after 
ingestion of glucosi and after injection of adrenm, after adequate time 
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Ind been allowed for recover} from tbcoptrition Ihc s>Tnp'ithcctoinized 
dogs rcmaincsl scnsiUv e to iiiHulm for nil indt fimte jicriod, due incrclv to 
denervation of the adrenals, since iloj,3 dtpnvwl onlv of the adrenal 
medulla arc no less sensitive to insulin than totaliv svanpathcctoinizcd dogs 
In view of these findings, it nmv he nssimicil that the functions of the 
liver in carliohvdratc metabolism nre iiidcpendciit of dire’CtelTcctsof nerve 
impulses on the liver cells 

Ilvpoglvecmm is coinmonlv tieeonipanicd h> alterations in hlood pres- 
sure, nccelcriiteil pul‘'C rate, perspimtimii etc , due to svmjiathetic stun 
111 ition and increased gastric motilitv and seen tion due to parasvanpathetic 
stimulation Jlicsc svanptoms max Ik. iittnlmti'd to duncephahe stun 
ulatioii 1 licv subside follow ing the ndministnition of sugar, since rcstora 
tion of the blood sugar lev el rcmov cs the c iiise of tlie ceiitr i! stimulation 
(fortujn, l‘)U) 

Protein Metabolism —Data wincli stem to imhtatc that protein metabol 
ixin in the liver is infiueneed hv nerve impulse's arc not wanting According 
to 1 rcund and Grife (1912), this function of the liver is augmented bv 
svanpiitlictie stimulation and inhibitet! h> p irnsvanpathetic stimulation 
On the other hand, the iniicrtiit capacitj of the liver cells to break up 
proteins IS not impairetl liv c*ompIttc tlcnirvation of the liver Tlie influ 
dice of nerve impulses m protein iiiefabolwn m the liver probablj « 
exerted mainlv thrtnigh circulatorv rtgulation 

Nervous Regulation ol Gall Bladder and BUe Ducts >-riie bile ducts 
and the gill bladder arc provided with a iniiveular tunic and the opening 
of the common duct into the dtUKlcmim is guardwl In a sphmctcric nicchan 
ism the so-e dlc<l sphincter of Oddi I xccpting the smaller intrahcpatic 
bile ducts, this svstcin is mnervatwl through l>oth viseenl nlTcrent and 
autonomic nerves Afferent nerve fibers reach the hihan tract via both 
the splanchnic and vagus nerves Distention of the gall bladder and bile 
ducts according to Schrager and Ivv (1928), elicits pam winch is abol 
ished b> section of the sjihnchmc iierve-^ particular!} the right, nausea 
and vomiting which are nbohshod b} vagus section and respirator} dis 
turbances which are diminished bv section of either the splanchnics or 
V agi These findings hav c liecn corroliorateil bv experimental data reported 
b} Davis, Heart ami Crvm (1929) and In the vise of spinal anesthesia in 
operations involving the gall bladder and bile ducts in man In a clinical 
stud} reported b} Bergh and Lavnc (I&IO) the intense pam cau'^ed bj 
suddenl} distending the common bile duct could be correlated onlv with 
spasm of the sphincter of Oddi 

On the basis of a rev lew of the older literature bearing on the efferent 
mnerv ation of the gall bladder, Mann (1924) concludetl tli it both the v agi 
and the splanchnic nerves conve} both motor and inhibitor} fibers to this 
viscus but the vagi are predominant!} motor and the splanchmcs pre- 
dominantly inhibitor} The results of more recent studies, particular!) 
those of Hhitaker (192G), Burget (1927) and Crandall (1931), indicate no 
marked effect of vagus stimulation on tlie gall bladder m cats and dogs 
Since these results were obtained mainlv in experimental attempts to 
ascertain whether evacuation of the gall bladder can be induced bv vagus 
stimulation the} should not be interpreted as indicating that the vagi 
exert no influence m the functional regulation of the gall bladder In 
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^^estplla^s (1923) experiments on gumevpigs, ^^gus stimulation elicited 
contraction of the gall bhdder and relaxation of the sphincter, resulting in 
the discharge of bile into the duodenum ^\he^cas splanchnic stimulation 
inhibited the rhjthmic contractions of the gall bladder and peristalsis of 
the bile ducts and caused contraction of the sphincter Burget and Broch- 
lehurst (1927) obtained no CMdence of contractions of the gall bladder m 
the guinea pig due to a agus stimulation Certain experimental data 
ad\anced bj Burget (1925, 192G), Graham (192G) and I\y (1937) support 
the assumption that the resistance to the flow of bile into the intestine is 
due to the tonicitj of the duodenum rather th in contraction of the sphincter 
of Oddi Higgins and ^lann (1920) and \Mutakcr (1920) reported exper- 
imental data which seem to indicate that contriction of the sphincter inaN 
be a factor in the filling of the gall bladder 
The reciprocal mncr\ ation of the gall bladder and the sphincter of Oddi 
has long been recognized llcidcnham (1803) attributed the first discharge 
of bile into the intestine after a meal to acid clurae in contact with the 
papilla of A ater which elicits reflex contraction of the gall bladder 1 oster 
(1880) regarded it as a reflex response imoUing contraction of the gall 
bladder and bile ducts accompanied b\ relaxation of the sphincter Accord- 
ing to Rost (1913), the sphincter relaxes with c\cr\ contraction of the gall 
bladder In discussing the reciprocal inntr\ ation of the gall bladder and 
the sphincter of Oddi m relation to gall bladder di'^ea'^cs, Mcltzer (1917) 
pointed out that during storage of bile, the gall bladder is reloxctl and the 
sphincter contracted, and tint during discharge the gall bladder contnets 
and the sphincter relaxes lie recommended the idministration of a 25 per 
cent 'solution of magnesium sulphate b\ duodenal tube m certain cases of 
jaundice and biiiin colic to relax the dtiodcnil musculature and the 
sphincter of Oddi winch would pennit the escape of bile into the intestine 
Ralk and Schondubc (1920) described tbt rts])onsc of the gall bladder 
in the dog to hjpopluseal extract as a tonic contnctiou whicli imoKes 
niainl) the corpus and fundus, causing the flow of bile to begin suddenK 
and continue rapidl> until the gall bhdder is cinpt\ Gopher and Kodama 
(1926) obser\ ed a rise in pressure in the gall bl ulder w ith relaxation of the 
sphincter on injection of adrenin Using a method called “triple intuba- 
tion (cjstic duct, proximal and distal cuds of common duct cannuhted 
^ith tubes leading to exterior) McMastcr and Elimn (1920), obse^^ ed that 
tne gall bladder pressure rose markedb and the sphincter resistance 
decreased on feeding or frcquentlj on showing the animal food This 
^ork has been corroborated and extcmled b\ Kadokura and Katsiija (1930) 
h^l method im ol\ mg i duodenal fistula T lies found that the 

1 e did not flow into the intestine at once on feeding but in intermittent 
portions as the chsone entered the duodenum, thus pointing out the inter- 
®i ent character of the relaxation of the sphincter The relaxation of the 
P meter which accompanies contraction of the gall bladder is incomplete, 
ccordmg to I\ j (1937), and hj pertomcitj of the sphincter ma\ result in 
fli In some cases spasm of the sphincter ma\ be produced b\ 

de\T”*^^ the bile ducts (Lajne and Bergh, 1939) The tension 

sm 1 bladder b> stimulation such as that caused b\ a 

^ose of cholecsstokinin depends on the initial pressure 
tuoubilet and I\ j , 1938) 
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Lutth (inai) confiniud tlit chiin of Oiltli (1891) Oijit the sphincter has 
an independent iicn ous control, but pointwl out th it, nhliou^li it ma) act 
mdependentb, it is fiinctionnlK counbimted nith thcmcclnnisms in\ohed 
m duodenal peristalsis and tonus BerpU nnd I on nc (1010) demonstrated 
changes in the touicit> of tlic splimctcr of Oddi m human subjects vihich 
stcme<I to be entirely nulopen<lent of changes in the or tomcitj of 

the duodenal inusenhture In cxpcnincnts on iloga reported h\ Nechcles 
and Kozoll (1912), contrictioii of the sphincter of Oddi, m mans instances 
nas accompanied In contractions of the duodenum but the latter fre- 
qucntlx did not afTttt the patenej of the sphincter to a perfusion liquid 
i c, sphmitcr and duodenal tonus frequently ntre independent of one 
another Independent nctiMtN of the sphincter of Oildi and the duo- 
denum also TV as ohscncil, in tlicir experiments, during contractions of the 
duodenum produtctl In aarious dniga In human subjects sphincter 
resistance \\ as incrcaswl Ln coughing, nausea and the passage of stools 

In a series of experiments rcportcil by Birth and Bon den (1930), faradic 
stimulation of the pNlono iwrtion of the stomach chcitcil contraction of 
the relaxed gall bhddtr 1 nradic stimulation of tin. stomach, pNlorus, 
small intestine or cecum, while the gall bladder was emptsingaftcr a meal 
of egg 5 oik, temporanU luhibitwl (he discharge of bile IIicn al-oobserNcd 
rhNtlunic contractions of tlie gall bladder winch took place sn nchronoiish 
with the hunger contractions of the stomach Such contractions of the 
gall Viladdcr coonhnated with the hunger contractions of the stomach 
ptohahU account for the periodic emptsing of llic gall bladder during 
fasting The results of these cxpcriimnts demonstrate the existence of 
reflex pathwavs between the gnstno-intritmnl tract nnd the gall bladder 
They also support the thcorj tlmt dysfunction of the gall bladder or bilian 
'stasis, at least m some instances, inn\ be due to inhibitorN ruflexes from 
chronical!> diseased portions of the digcstiNc tube Du Bois and Kistler 
(1933) reported marked contractions of the gall bladder in response to 
faradic stimulation of the n iscus itself, the duodenal portion (ampulla) of 
the common Inlc duct and either \ ngus nerN c m its cerN ical portion Wien 
the common bile duct w as sex cred, stimulation of its duo<IcnaI portion no 
longer ehciteil contraction of the gall bladder but contraction of the latter 
organ was elicited by stimulation of the hipatic end of the «;cNcred hue 
duct Their results wtrt interpreted ns cNidence of the existence of a 
direct reflex pathwax from the ampulla to the gall bladder along tlie wall 
of the bile duct but not ns indicating that nil reflex responses of the g^l 
bladder to atnnulation at the duodenal end of the bile duct are mediated 
through this pathwaj Besponses of the gall bladder to stimulation in 
this area, hke those to stimulation m otliw parts of the gastro-intestinal 
tract, may be mediated through less direct reflex mechanisms 

In an experimental study on cats, reported by Johnson and Bojo^ 
(1943) , interruption of the nerx e fibers whidi reach the clioledochoduodenal 
junction via the gastroduodenal pltuiua did not alter the rate of empty mS 
of the bile passages follow mg ingestion of food or abolish the inlubitorj 
reflex from the cecum to the gall bladder The eflerent fibers in this plexus 
presumably arc mainly xasomotor Interruption of the gastroduodenal 
nerx e resulted m marked retardation of the bile floxx Section of the ngnt 
X agus resulted in ex en greater retardation of flow This observation sup* 
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ports the assumption tint the right ^ agus not onh sends inhibitor\ fibers 
to the sphincter of Oddi % n the g'lstroduoden'il ner\ e but also motor fibers 
to the gall bladder \ la the hepatic plexus Interruption of the left a agus, 
which pla\s no part in the inneraation of the sphincter of Oddi, resulted in 
retardation of cmpta mg of the gall bladder but in a lesser degree Section 
of the splanchnic roots of the celiac ganglia abolished the inhibitor} reflex 
from the cecum to the gall bladder and resulted in acceleration of empt} mg 
of the gall bladder in some degree 

On the basis of their cxpcrnncntal results Johnson and Boa den ad\ anced 
the opinion that the gastroduodenal ncrat tonaeas no saanpathctic fibers, 
maolaed in maintaining the tonus of the sphincter of Oddi and suggested 
that the bihara outlet maa be kept closed during fasting ba theactiaita of 
the intrinsic neural methamsms and tint after meals the tome contraction 


of the sphincter maa be oaercomc b} the inhibitora influence of the right 
a agus and b} hormones produced in tlie intestinal muco'^a Ihea also 
pointed out that the reciprocal rehtionship betaaeen gall bladder and 
sphincter is not obhgatora , since each responds to appropriate stimulation 
aahen the nerac to the other is interrupted 
Influences emanating from the central neraous sastem under certain 
conditions, profouiidla affect the bilnra sastem Strong emotional dis* 
turbances, c g , rage or fright, maa gia c rise to temporara icterus, probabla 
due in part to bihara st isis caused ba closure of tlie common bile duct 
either ba increased tonicita of tlie duodenum or contr iction of the sphincter 
of Oddi or both Lndcr these conditions bile is absorbed into the blood 
^ith resulting icterus Uhc peripheral pathaaaas inaoKed in this reaction 
are mainla a agus I motional icterus, therefore falls aaithin the realm of 


'agotonia Conacrsela , disturbances of tlie bihara sastem cspccialla gall 
bladder disease, maa giae rise to afTcrent impulses aaluch result in reflex 
'omiting, tachacardia, regional pruritus, perspiration daspuca, saliaation 
or inhibition of sahaar} secretion and pupiliara disturbances (Thies, 1917) 
Such disturbances also result in changes in the content of chohn and cholin- 
hke substances in the blood aahich profouiidla affect the functional balance 
of the autonomic ncra ous S} stem (Danielopolu 1930) 

The data cited aboae support the assumptions that the bihara tract is 
subject to direct and reflex regulation through its ncrae suppla and that 
oaacuation of the gall bladder is iccomplished, under phasiological condi- 
tions, b} contraction of its intrinsic musculature Data aahich apparently 
00 not support these assumptions arc not aa anting ( -Vuster and Crohn, 1922, 
‘iilkenstem and Aschner, 1925, Burget, 1927) but their consideration in 
«us connection could sera c no useful purpose The assumption that the 
^tt} constituents of the food plaa a major role in the reflex regulation of 
0 floaa of bile from the gall bladder aho is ampl} supported b} both 
^’Tenmental and clinical data 

ooaden (192o) reported experiments in aahich cats fed a diet of egg aolk 
L| cream immediatel} exhibited a functional penodicit} of the gall 

adder in relation to meals, and cats fed a pure protein and carboh}drate 
le shoued no marked volume changes in the gall bladder Bo} den also 
emonstrated the effectiveness of fattj food, particular!} egg }olk and 
^be gall bladder m man One hour and forty minutes 
r the beginning of a meal consisting of the jolks of four eggs and a pint 
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of cream, cholccxstofiriims ‘ihoww! tlml tlic j,«ll bladder had utide^onc a 
rwluction ni Nohnne from the fulK distciidtal condition, due to pomp with 
out food for (.iphtctn lioura, to n ctindition in ^^hlch it was ncarl\ cmpt\ 
One hour htir LNamation was appircntlv complete Ih means of roent 
pen rnj tvunmitum of piticnts, iJosdcn (102S) found tint the time 
rc<pnre<l for lomjikte t\ncuatioii of the pall lilnddtr after the inpcstion of 
epp s oik or < r( am a ari( s from sixteen immitcs to four and one-half hours 
1 he first jihase of the eontraction iisunlK dise Inrpetl threaMjinrters of the 
contents within thirts two iniimtcs after the iiual In pitients who Ind 
underpone surpienl rcmo\al of the pall Madder, ns reimrtesl h\ Berph 
(1912), a meal eonsistmp of epp \olk and cream pitKlueesl relaxation of the 
sphincter of Otldi hut fri*sh olixeoil proditcexl no nppreci ihletfTcet Ilclax 
ation of the sphincter was ol)ser\e<l occasiotmlU follow inp a protein meal 
Cnrl)oh\drntt meals imMlueexl no sipnifteant cjTcets on the sphincter 
resistance 

In a senes of (\pcnmcnts earned out l>\ llo\dcn and Ihrch (1930), the 
\olk of one epp mjcctetl into the iluodcimm in in in clicitctl a sinplc phase 
of contraction of the pall Madder which t\ncuate<l three-quarters of its 
contents Bile tould he aspiratc<1 from the duoelcnum se\cn to fifteen 
minutes after the injection of the \oIk Injection of a stronp solution of 
MgSOi MpCl or chcitwl evacuation of two-thmls of the contents 

of the pall lihdder and tlie hilc could he aspintctl from the diuxlcnum in 
the same tune as follow mp the injection of epp \olk \Micn puen b\ 
mouth, these silts are neirlv ns cfTectivt as when injectexl into the duo* 
denuni throuph i llchfuss tube Solutions of NnCl Nn»COi or Xnl’Oi 
introduced into the duodomim elicit tcmjxinrv relaxation and filhnp of the 
pall bladder Mtermitinp chaiipcs m the hv dropen ion conccntntionof the 
duodenal content seem to have no npprecnhlc tfTt'tt on tlic tonus of the 
pall bladder injettum of lujmd pctrolotum into the duotlcnum 
initial inhibition of the pall bladder and retards its response to food mjcctra 
subsequently The latter elTcct probabU is due to the local action of the 
petrolatum m closmp the sphincter 

In man, ns ohserved by Boy den, Deqjh and Lai ne (19-13), the pill hhd 
tier and the sphincter of OeUh tenet to epp a oik and to ilpSOt introduced 
into the duodenum in tlie same manner and for the same length of time 
but not m the same degree Lpp yolk is more. elTectii e than ^IpSOi prob- 
ably due to Its more rapid rate of absorption and stronger chemical action 
They Inie suggested tint both these substances stimulate the production 
of hormones w Inch act directlv on both the pall bladder and the sphincter 
of Oddi and that these end organs react differentlv to a pi\tn stimulus 
The initial response to cither tgg yolk or MpSO« usualli is contraction of 
the sphincter, which m turn may interrupt the contraction of gal! bladder 
which was initiated somewhat later, thus producing a pause After fom 
or fi\ e minutes, a phase of progressu e relaxation of the sphincter is initiatca 
which continues for an aierage period of seientcen minutes During this 
interval, the mam contraction phase of the gall bladder is initiated winch 
continues for an av erage period of thirty minutes On the basis of e\ idence 
obtained in animal experiments, thei ha\e advanced the opinion that the 
hormone acts upon the sphincter for a shorter time than upon the pan 
bladder because during fasting the tonus of the sphincter is maintained by 
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the local neunl mechanism tlie threshold of stimulation of Inch is higher 
than that of the gall bladder 

In a stud\ of 115 mdiMduals ringing from &i\ to sev tnt\ -eight itars of 
age, Bov den and Grantham (193C) found that gall bladder evacuation 
occurs more rapidlv in children than m voiing adults Before pubertv it 
occurs more rapidlv in males than ni fein lies, after pubertv more rapidlv 
m females than in malts If the biharv tract csc ipts pathologic alter itions 
the rate of ev icintion of the gall bl idder is not retarded in adv meed age 
It IS shghtl> increased in patients with carcinom i of the stomach (Kitchie 
and Bov den, 1937) and markedlv incrcised m patients with peptic ulcer 
(Bovden and Bennan, 1037) 



CHAPnU MI 


INNLUVAIIOV or UIII PANCUl AS, Si’Ll I N, fimiOID, 
\1)III \ \T*S AM) «0\I MAUUOW 

The Pancreas —Extrinsic Nerves — Ihc inn(.r\«ti(ni nf the piticrtis is 
(leri\e(l from the ctluii. plexm innitiK tlirouph tlit hip-itic, superior 
mtscntcnc iinil splenic plcxiHcs Unmi nrisiiiK fnun the htttr plcxiisca 
form pkxusus on the pancreitit \ easels 'lliiis tlie nereea enter the gland 
nninh nlong its blood vessels (1 ig (il) Isoliiteil rum arising fnini the 
eelnc plexus enter tlie panerc isdirectlv vvitlioiit trivcrsing the plexuses on 
the p mcreatic vessels 


I!rT«b« A. lUcMVuii* 



Fio 01 — Diasn'ornmatic illustration of tlic Inn^rralion of tlio pancro'is and thf 
(MocIiOmI from GroMnR ) 


The pancreatic nerv cs include both svanpathetic and parasjanpathetw 
components Since both the splanchnic and vagus components involved 
traverse the cchac plexus anatomic separation of the sjanpathetic aw 
par isjanpathetic fibers is impossible Certain experimental data reported 
by Babkm el al (1939) support tlie assumption that the splanchnic secre- 
tory fibers, like the preganglionic vagiK components, traverse the celiac 
plexus without effecting synaptic relays m its ganglia The results of 
physiologic experimentation indicate that the svanpathetic and parasvan- 
pathetic fibers which enter the pancreas are functionally distinct , 

lutnnsic Nerves —Certain early investigators notably Cajal (1891) and 
E 'Muller (1892) described elements in the parenchvana of the pancreas 
which they regarded as ganglion cells Certain others, particularly Gentes 
(268) 
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(1902) 111(1 Pensi (1905), filled to corrobontc these findings ^Fore 
recenth the occurrence of ginglton cells m the pincrcis in min ind certiin 
other mimmals his been reported pirticulirh b\ SsoboleA\ (1912), ^ in 
Campenhout (1925, 1927) indSimird (1937, 2942) 

The nene fibers ^\ltlnn the pmcreis irt miinh unm\elinited \s the 
ner\es enter the gl ind, the\ continue for some distince ilong the arteries 
around a\hich the\ form plc\u<?es At mtcr\ils nLr\e fibers deantc from 
the blood lessels ind gi\e rise to perntimr plexuses Delicitt fibers 
ubing from the litter penetrate the membnni propria and terminate m 
slight bulb like enlargements between the bisil portions of the ghnd cells 
(Cajil, E Muller) Similar plexuses iKo occur around the pancreatic 
islets libers arising from these plexuses penetrate the islets and ramifv 
among the islet cells, forming a plexifomi mcshwork and fin ill\ terminating 
in free endings between the cells Both Gentes and Pensa emphasized the 
abundance of the ncr\c siippl\ to the pancreatic islets as compared with 
the suppl\ to the other parts of tlie gland 
The site of origin of the postganglionic fibers is not definiteb known 
The SMupathctic \ asoinotor fiben, iindonbtcdh inse m the celiac ganglia 
If as maintained b\ Babkin ef al (1939) the 5.ecretor\ components of the 
splanchnic ner^cs tra\crsc tlic celiac plexus witliout cfTcctmg 5\naptic 
connections m its gangin, the postganglionic neurons 'tMiapticallv related 
to these fibers must be loc itcd in tlie plexuses along the pancriatic ^ cssels 
or within the pancreas Bnigsch DrescI and I cw \ (1921) mainls on the 
bwis of Cajal s anatomical studies, assumed that the preganglionic ^ agus 
fibers actiialh enter tlie pancreas and cfTcct s\niptic connections with 
ganglion cells located there 'J he\ aUo Khanced the theorN that some of 
cells in tlie pancreas arc s^mpa(llctlc 
The occurrence of receptors in the pancreas rc'^cmbling Pacinian cor- 
puscles has been reported ropcatedK riiesc arc particuIarK abundant in 
the cat In man, Ccclcn (1912) found Pacinian corpuscles m 89 of 100 
cases According to his fin(hngs, thc\ \ar\ widclj in number and distribu- 
tion, being most numerous on the posterior aspect of the head rhe\ occur 
onlj in relation to the blood xessels and tlit serosa, but alao m the 
P^uch\Tnatous tissue llcccptors of other t\pes particuhrl\ unencapsu- 
ated fiber terminations also occur m the pancreas The afferent inner\ a- 
lon of the pancreas includes both splanclmic and ^ agus components 
regulation of Pancreatic Secretion —The secretor\ actiMtj of the acin- 
ous tissue of the pancreas is regulated in part through chemical stimuli 
isecretin) and in part through ncr\ c lmpuIse^ As earl\ as 1873, Ilcidcnhain 
Landau obser\td that electric il stimulation of the medulla oblongata 
f'ugs about an increase not onh in the liquid but also m the solid con- 
th pancreatic juice Pa\ Io\ (1878) and his students obser\ ed 

g ® me idmmistration of atropine is followed bj inhibition of pancreatic 
cretion Tins suggested that the \agus mner\ation of the pancreas 
rp u ^^^**utor\ influence on its exocrine setretor\ actiMtj The 

1R(U f'^Po^™outaI studies carried out b\ Pa\lo\ s students (^Fatt, 

ISOS’! '^^drewetzk^ 1894, iNFodrakowska, 190C, Babkin and Sawitsch 
^ support this theory TheN demonstrated clearly that vagu's stim- 
etzk^^ augments the production of pancreatic juice Moreo\er, Kudrew- 
secreti^^ Modrakowsk\ have shown that augmentation of pancreatic 
on Tnaj ♦xlso be brought about bj svanpathetic stimulation, although 
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I)\ Uttcrbick (101 1)« nfTord no c\ul(ncc that parnsvinpatlietjc ncnea play 
1 part in tlic inncr\ ntion of tlie spleen Section of tJio \ np, in liia exper 
iincnts resulted in no clmiipc in the nmnhcrs of nnclimtcd orunrayelm 
ftted fibers in t!ic splenic nenes I xtirpafion of tlic ccinc and superior 
nicscntcric ^.anplia rcsiiltwl in complete dcj^encmtion of nil the neraes 

hicli enter the spleen 1 he n/ftrent components of the splenic nenes are 
niainh nijcliimtcd fibers winch tnucree the splanchnic ncncs Counts 
of the spknic nerve components in the cat inndc In Lttcrback indicate 
an averajje of npjiroximatcK 20(K) iiiiinvelinatnl fibers and an average 
of npproxmiatclv 110 mydinatwl ones, n ratio of npproximntclv 20 to 1 
Thus the spleen is supplied with rclntiv<lv few nfTcrent ntrve fibers 

Intrinsic Nerves —In man the ncncs enter the spleen maiiilv tliroiigh 
tilt lulus Most of tlic rami continue into the organ along the arteries A 
few rainifv in the cap^sult and givt rise to a rclntivelv meager siibserous 
plexus ^\ithin tlie spit'cn evtn nene, like the vessel which it accom 
pinici), supplies a circuin«<nb«! portion of the glanil hut there is some 
ov crlappinp of the tennumi Itmnthcs of adj icent nerv es (\ Skramlik anti 
Duran-Cao Jn2a) \ccortling to Init and Cnshin (1D25)» the spleen is 
div idcd into a number of rones w Inch corresponil to the ultimate branches 
of the splenic ncncs 'Ilicv afsoshoweil that these zones at tlie same time 
are nenous and arterial urii(j» 'Flit venomotor ncncs according to 
CIchnd and 'Jnit (1027), also arc chstnliutwl to localized parts of the 
splenic veins Tlic intrinsic spUiiic ntnes arc wimposed rnnmiv of uniav 
eltnatod svinp itlittic fibefb but inclmlc M!>ccnl afTtitnls mo>t of which are 
mvciinatod flit tfTcrent fibera art distributcvl niainlv to the splenic 
blood V L3«els nn<l (lie smooth imiscic in tlie splenic c ipsulc and trabMiili? 
As the nen es ndv anct mto the tnliccula* thev break up into x cr\ deheUe 
strands vvhicli in general run pandltl to the bundles of smooth muscle 
fibers The muscle in the <ninIlobt (mbccii/m seems to be stipphexl niost 
abundanth (Ilicgcle 1029) 

As the arterial branches enter the pulp thev are accoinpantcd bv slender 
bundles of nene fibers which branch according to the branching of the 
arteries and continue along tlic smaller arteries including the arterioles 
Some nerve fibers also accompany the tributaries of the trabecular vci^ 
Strands of just a few fibers and m some instances indiv idual fibers max he 
observed adjacent to the inlets and outlets of the sinusoidal spaces m the 
red pulp where they terminate m relation to contpictde cells in tlie walls 
of these vessels (Utterbaek, 1W4} Tlie^e fibers undoubtedlv innervate 
the sphincter mechanisms associated witli the sinuses . 

Regulation of Splenic Volume Changes and Blood Flow —Contraction 
the spleen m response to sympathetic stimulation had been observed 
previously, but svstematic studies of the effect of nerve stimulation were 
first undertaken by Bulgak (1877) In his experiments, stiraulition oI 
the greater splanchnic nerve, the celiac ganglion or the splenic nerves 
resulted m contraction of the spleen The initial phase of this contraction 
was accompanied by blanching of the organ This was followed by the 
appearance of lobulation and rounding off of the angles at the margins 
Stimulation of the peripheral end of the cut vagus elicited no apparent 
reaction in the spleen but stimulxtion of the central end of the xagv^ 
resulted in reflex splenic contraction The vagus nerve seemed to exert 
no influence on the spleen These findings w ere corroborated b\ those o 
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Ro} (1881), Schaefer and Moore (189G), and Magnus and Schaefer (1901) 
None of the latter Jn^estlgators observed an> reaction m the spleen to 
direct ^agus stimulation The^ therefore concluded that the spleen is 
innervatedonh b^ s\'nip<athetic ner\es Strasser and Wolf (1905) obser\ ed 
enlargement of the spleen following bilateral section of the greater splanch- 
nic ner\e but did not ascribe this result to ^agus impulses Plnsiologic 
dilatation of the spleen probabl\ is brought about raainh b\ impulses 
conducted through the a enomotor fibers In the experiments of Cleland 
and Tait (1927), electrical stimulation of these fibers resulted m engorge- 
ment of the spleen corresponding m degree and in duration to the contrac- 
tion of the splenic \ein Section of these fibers abolished reflex dilatation, 
and the spleen remained m a state of partial contraction following their 
degeneration On the basis of these results, the\ concluded that the 
\ enomotor fibers constitute the efferent patUwax for phxsiologtc splenic 
dilatation 

Spontaneous rhithrnic contractions of the spleen hue been obseiaed 
repeatedli In the cat, according to Barcroft Khanna and Nisimani 
(1932), the periodiciti of these contractions \aries between twent\-fiie 
and eightN ‘three seconds, but usualK falls between twent\-fi\e and fiftj 
seconds These rhtthmic contractions arc accompanied 1)\ unduhtort 
wa\es of blood pressure with a corresponding rhithmicitN winch arc 
related both to the amplitude and the frcqucnci of the splenic contractions 
but also \ar\ with the general blood pressure Under guen conditions 
the blood pressure changes arc proportional not onl\ to the sjilenic \olumc 
changes but also to the i olume cliangts in the circulating blood 

A sudden rise in the general blood pressure according to Barcroft and 
Nisimaru (1932), produces an initial passu e dilatation of the spleen which 
IS follow ed b> rh\ thmic splenic contractions, but a sudden fall in the general 
blood pressure produces onlv a passu e contraction of the spleen Nenc 
impulses obMOush plai no essential part m these reactions since the same 
results are obtained both before and after denerxation of the spleen and 
remoxal of the adrenals 

Expenmental data reported b\ Grindlai and Herrick (1938) seem to 
indicate that the x olume of the blood circulating through the spleen is not 
related to the size of this organ but to the state of the blood \asculir 
sxstera as a whole The rh\ thmic changes in splenic x olume are not 
brought about bj rhx thmic contractions and relaxations of the splenic 
musculature but bx rhx thmic x ariations in the blood flox\ In experiments 
on dogs Grmdlax, Herrick and Baldes (1939) found that the waxes of 
arterial blood floxx and splenic x olume corresponded m period and xxcre 
s\ nchronous The xx ax es of x enous floxx corresponded in period but lagged 
about fixe seconds behind those of arterial floxx and splenic xolumt The 
blood flow and splenic x olume manifestations of splenic rhxthm were not 
abolished or disturbed bj denerx ation of the spleen 1 he cause of the 
rhx thmic xx ax es of blood flow through the spleen, therefore, appears to be 
independent of the splenic musculature 

Restoration of the splenic circulation after its temporarj stoppage also 
initiates rhx thmic contractions of the spleen xxith or xxithout an intact 
nerxe suppH Aarious other means also maj be employed to produce 
rhx thmic splenic contractions For example, the injection of curare causes 
an initial fall in blood pressure and an mcreasc m splenic volume, followed 
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b\ rhvthinic splenic contractions Ihc injection of Instamine causes an 
initial fall m blood pressure and a decrease in splenic \olume followed bv 
rh\thinic splenic contractions 'Ihc injection of a hemoplobm solution 
causes a remarkable splenic rlntbm winch is clmractcri7cd b\ a fpndual 
incrcise m the amplitude of the contractions 

In an experimental stud\ of the bthnMor of the spleen m tlic dog m 
hemorrhagic lupotension and shock, Lewis, ^^c^le and ^^lggcr3 (1943) 
obtained data which support the assumption that splenic contraction does 
not contribute to the clc\ation and maintenance of arterial blood pressure 
b\ \ irtuc of the increascxl resistance m the splenic shunt but bj its augment 
mg effect on a CHOUS return and canine output 'lhc\ advance*! the opinion 
that the spleen docs not withold blood from active circulation in conditions 
of shock due to hemorrhage , conscejuentU , if this organ is found large and 
congested at nutopsv , other factors must have been opentive 

In experiments rcportcil b\ 1 urher (1930) the injection of aectj Icholine 
into the splenic nrten m the dog rcMiltetl in contraction of the spleen, 
prohahh due to the direct action of the drug on the splenic musculature 
The spleen also contracted in response to the stimulating effect of acetvl- 
cholme on the extrinsic nerves 'ihis response was not nholished b> the 
adimmstration of itropine I erguson Iv\ and Grecnganl (1930) reported 
contraction of tlic spleen m response to intravenous injection of acetvl 
choline which action was nntagonired h\ atropine Tlicj also demon 
strated the presence of a splcnoconstnctor substance in an extract of the 
duodenal mucosa which is not identical witli acctvlcholmc histamine or 
secretin hut probahlv is identic il with the substance prevmuslv demon 
strated in extracts of the duodenal mucosa (Samlhlom, \ocgthn and Ivv, 
1935) which nugments intestinal motihtv Stephens (1940) showed that 
contraction of the spleen following the administration of vasodilator sub* 
stances such as amv 1 nitrite and gl\ ccr\ 1 tnnitrite mav he paasiv clj related 
to the fall m blood pressure since these substances do not cause contraction 
of tlie denerv ated spleen In their experiments Instamme caused contrac- 
tion both of the nonnal and the dcncrvnted spleen Adrenin produced 
greiter contnction of the spleen immciliateh after its denervation than 
before T\ ranine produced cqu d contraction both of the nonnal and the 
denerv ated spleen 

Barcroft (1932) reported the results of certain experiments m which 
necrosis of the skm caused cither bv friction or high temperature, was 
accompanie<l bv contraction of the spleen both m intact animals and in 
animals m which the spleen had been denerv ated He also reported Biat 
estrus pregnanev and lactation arc accompanied bj contraction of the 
spleen The splenic contractions associated with estrus and pregnancy 
arc abohshctl b> denervation of the spleen, that associated with lactation 
is not abolished b\ splenic denervation Contraction of the denerv ated 
spleen associited with necrosis of the skin and lactation and the abolition 
of splenic contractions associated with estrus and pregnincj bv splenic 
denervation, according to Barcroft, indicates a large humoral element m 
the causation of the contractions in the former conditions, whereas in the 
latter conditions the splenic contractions are elicited b> nerv e impulses 

The Thyroid Gland — Eirtnnsic Nerves — Nerv ts of both sjonpathetic and 
parasjanpathetic origin extend into the thjTOid gland (Fig G2) In man 
the sympathetic nerves in question arise mainly from the middle cervical 
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gangUon or the middle cen icnl portion of the srmp itlittic trunk Thej 
include fibers which inse in other cen icil simpathttic gangln. partic- 
ularly the superior cen leal Nonide? (19*^1) demonstrated the superior 
cenical origin o( some of the ncnc fibers winch enter the thiroid ghnd 
in the dog “k snnihr anatomical arringcmcnt aUo has been described in 
m\n The fibers of i agus origin which enter the thi roid ghnd arc inimly 
components of tlu superior lanngeal nene, others arc incorporated in the 
inferior laringeal ner\c According to ^ogt (1931), still other rami enter 
the thiroul directli from the simpatlietic trunks, the common carotid 


Common corotid orlery^ 
External laryngeal nerve* 
guperior^thyroid arteryVi i 



. 1 ». V Middle cervical G 

Thyroid gland Sympathetic trunk 

Trachea I llnfenor thyroid artery ' 

Recurrent Esophagus’* and plexus 

toryngeol nerve' Sympothetic nerve to thyroid 

Fir- C- — Diacramrnatic illustration of the crtrm&ic nen-cs related to the th>roid gland 

subclaMin and tricheal plexuses the glossophan ngeal nerve and tJie ansa 
h\ poglosbi Some of the sy mpathetic rami and tlie ner\ es of i agus origin 
which reach the thvroid also include afitrent fibers \s the extrinsic 
nt r\ cs approach the thi roid ghnd most of the rami accompany the superior 
th\ roid artery w itliout becoming mtimateh incorporated m a plexus 
Intni^ic Nerves — \^itlnn the thvroid ghnd the nerves m general accom- 
panv the branches of the thyroid artencs Some rami also run mde- 
pendontlv among the thvroid follicles Most of the nerve fibers are un- 
mve inatec but the larger rami include both large and medium-sized 
mvelinated fihrs Aggregates of autonomic ganglion cells m the superior 
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Experimental studies carried out to determine \\hat Instolonic changes, 
if anj , take place in the th\ roicl Riand follow inR partial or complete cleprn a- 
tion of its neiae suppU haie not Meldetl uniform results Katzenstein 
(1899), following bilateral section of the laringtal nerits, I ubeke (1902), 
following section of the larangeal md phinngeal nents Wiener (1909), 
following unilateral extirpation of the inferior ctrMcal s\mpathetic gang- 
lion, and Rcinhard (1923), following extirpation and stimulation of the 
cervical svanpathetic, reported somewhat indefinite and variable changes, 
some of which mav have been due in part to vasomotor changes following 
the operative procedure Schilf and Heinrich (1924), Ivijono (1925), ^ ogt 
(1931) and Reid and Hohman (193()) reportetl no histologic changes m the 
thvToid gland, following cervical svmpathetic extirpation which thev 
regarded as directlv referable to denerv ation of the gland cells 

Experimental studies carried out to determine the elTtct of nerve stim- 
ulation on the thvroglobulin content of the thvroid gland have vielded no 
definite information regarding the regulation of thvroid secretion Hunt 
(1923) observed no difference in the effects produced bv feeding given 
quantities of thvroid substance regardless of whether it w is prepared 
before or after prolonged nerve stimulation llektocn Carlson ind 
Schulhof (1927) bv the use of the precipitin reaction also found no differ- 
ence in the thv roglobulm content of the blood before and ifter svinpatlietic 
stimulation of the thvroid gland These finding'> in general corroborate 
the results obtained bv Hicks (1920) who compared dctcnnmations of the 
thvroglobulin content of the Ivmph before and after svanpathttic stim- 
ulation 

Asher and Flack (1911) assumed the existence of setretorv fibers m the 
nerves to the thvroid gland mainlv on the bisis of the observation that 
stimulation of the larvngeal nerves brings about the same increased excit- 
abiUtj of the depressor nerv e and increased effect of adrenm on blood pres- 
sure as IS brought about bv intravenous injection of thvroid preparations 
Asher and v Rodt (1912) also reported increased excitabilitj of the 
splanchnic nerv es and Ossokm (19H) increased excitabiUtv of the v agus 
nerves during stimulation of the nerves to the thvroid gland Asher and 
Pfluger (1927) reported the results of experiments which seem to indicate 
that svanpathetic denervation of the thvroid results in diminution of the 
capacitv of the bodv tissues, particularlv the subcutaneous connective 
tissue and muscles, for absorption 


In experiments reported bj Asher and Ruetsch (1940), the administra- 
tion of threshold doses of adrenm m rabbits resulted in i rise in muscle 
temperature, as measured thermo-electncallv lollowmg denervation of 
the thvroid larger doses of adrenm acting for a longer time were required 
to produce an equal rise in muscle temperature I ollow mg reraov al of the 
thvroid still larger doses of adrenm were required to produce a comparable 
rise in rnuscle temperature On the basis of all these results, Asher and 
his collaborators concluded that the secretorv activitv of the thvroid is 
regulated at least in part through its svanpathetic innervation 
In ei^eriments on rabbits reported bv Hanev (1932) stimulation of the 
cervical svanpathetic trunk bv means of an interrupted current for one to 
«as followed b\ marked ibcs both m respintion and energy 
inetabolism The nse in respiratorj metabolism began on the second day 
reached Its maximum before the eighth da} and returned to normal betn een 
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the sensitu lb of the thjioid cells to the th\rotropic hormone Thej ilso 
concluded on the basis of experimental data, that the administration of 
thjroid substance results m reduction of the functional actl\lt^ of the 
animal s o\\ n thj roid \ la the mechanism through hich the secretion of the 
thjroid hormone is norraalh regulated 
In \ le^\ of all the data bearing on the ^egulator^ control of the secretor\ 
act\Mt> of the thNroid gland, it la apparent that hormonal agents, pirtic- 
ularh the anterior h\poplnseal thirotropic hormone, pla\ a major role 
Direct secretorj effects of nene impulses Ime not been demonstrated 
be\ond question but changes in the blood flow through the gland brought 
about through the lasoinotor ner\ts and the nenous regulation of the 
production of the lupophiseal thirotropic hormone are not unimportant 
The innerx ation of the thj roid ob\ lousK is not essenti d for continued 
tlnroid secretori actiiitv under ordinan conditions but certain diti 
emphasize the importance of the siinpathctic ner\es m the lesponses of 
the th\roid to certain situations 


Splorithriic N 
Adrenal plexus - 
Adrenal 



Fla G3 Djagrammatic illustration of the extrinsic m^eT^ ation of tho adrenals 
and the kidneys 

The Adrenal Glands -Extrinsic Nerves -The innen ition of the adreml 

fwrS ulrenal plexus 
(!• ig 03 The latter plexus is continuous » ith the inferior phrenic riexus 
superiorh and uith the renal plexus mferiorh Its constituent *fibi.rb 
include components of the splanchnic vagus and phrenic nerves and 
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'ition in localized 'ire'is of the adren*!! meflulH Section of the greater 
splanchnic ner\e resulted in dentrx'ition in its anterior half In the 
experiments of ArxcharHnd and Daxenport (1941) section of the greater 
splanchnic nerxe on either side at the diaphrafrm, in the rat resulted in 
degeneration of 75 to 90 per tent of all nerx e fibers m the gland 

In \ lexx of the high percentages of nerx c fiber degeneration in the adrenal 
glands caused b\ incomplete splanchnic nerxe section although the xaso- 
motor fibers are postganglionic, the xagxis or parassanpathetic nenes. can 
plax no important part in adrenal innerxation Although xagus com- 
ponents apparentlx are present in the extrinsic nerxes the axailable 
anatomical data do not support the assumption that the intrinsic adrenal 
nerxes include parasxanpathttic components 

Innervation of Paraganglia — Irrcgulir agg^egat^^ of cliroimffine tissue 
not incorporated in the adrenal glands frcquentlx occur in relation to the 
abdominal aorta and the segmental arteries arising from it This tissue is 
innerxated iccording to the same mode as the chromiffine tissue in the 
adrenal medulla In the cat, dog and ribhit acconling to Ixofmann 
(1935), the abdominal aortic paraganglion is connected through strands of 
nerxe fibers xxith the celiac adrenal and inferior mesenteric plexuses 
These nerxes like the slender rami connected xxith the minor paraganglia, 
are made up mainlx of mxeUnated fibers most of which are preganglionic 
components of the splanchnic nerxes xxhich terminate in direct relation to 
the chromaffine cells (Holhngshead 1940) The remaining fibers probablx 
are afferent 

Regulation of Adrenal Functions —The sccrctorx cells of the adrenal 
cortex as stated aboxe probablx haxc no ntrxc supplx The cortical 
tissue IS knoxxn to be capable of secretorx actixitx following complete 
denerxation of the gland Its regiilatorx control probiblx is essentiallx 
hormonal 

The secretorx actixitx of the mcdullarx tissue is controlled in a large 
measure through its sxinpathctic mnerxation Drxer (IS99) reported 
increased secretorx actix itj of the adrenal medulla in response to splanchnic 
stimulation Tschoboksaroff (1010) and Asher (1912) confirmed this 


obserxation and pointed out tint splanchnic stimulation max elicit in- 
creased secretorx actix itx of the mediillarx tissue independentlx of changes 
in the floxx of blood through the gland Data reported bx Stexxart and 
Rogoff (1919) confirmed the existence of secretorx fibers in the adrenal 
nerxes According to Glex and Quinquad (1921), the discharge of adrenin 
due to splanchnic stimulation is responsible for the second phase in the 
blood pressure changes produced The first phase is characterized b\ an 
immediate rise in blood pressure due to the direct x asomotor effect of the 
splanchnic impulses the second is initiated x little later bx the effect of an 
increased discharge of idrenin into the blood This finding corroborated 
the results of certain experiments reported bx Tournade and Chabrol 
(1019) in x\hich in anastomosis x\ is effected betxxeen the adrenal xein of a 
hrge dog and the jugular x ein of a sm filer one Thus the adrenin produced 
bx the ghnd of the hrge dog was mtnxluced into the blood of the smaller 
one On stimulation of the peripheral end of the splanchnic nerxe of the 
large dog blood pressure rose immediatelx m this animal and a little later 
in the sm filer one Inasmuch as the increased output of adrenm due to 
sphnchnic stimulation could not change the adrenm content of the blood 
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irnrro^ undoubtedK correspond to those of other ^‘isonlotor nerves 
^ asomotor regulation also exerts a regulator\ influence on the hemo- 
poietic and other acti\ itiea of the bone marrow Certain data also suggest 
a more direct functional relationship of the hemopoietic tissue to the 
autonomic ner\es. 

Obser\ ations reporte<l b\ Samar is (1937) support the assumption that 
the phagocitic actniti of reticulo-endothelial cells in the bone marrow, 
like that of the corresponding cells in other organs, mai be increased due 
to siTupathetic stimulation The hemopoietic acti\ it\ of the bone m irrow 
also appears to be subject to modification through simpathetic none 
stimulation In experiments reported b\ Soinogii (1938), long continued 
administration of ergotamine m eats (0 2 mg per kilo of bod\ w eight daiK ) 
inhibited blood regeneration following blood loss I xtirpation of the 
cerMcal portions of the sxanpathetic trunks without or including the 
stellate ganglia resulted m m irked decreases m the numberb of erxthro- 
cxtes md the percentage of hemoglobin ami an increase m the number 
of leukoextes Fandic stimulation of the cerxical sx-mpathetic trunks 
resulted m increases of 27 per cent m the number of erx throcx-tcs and 
23 per cent in the amount of hemoglobin These respon<;es could not 
be obtained in animals prexioush subjected to extirpation of the thxroid 
gland In experiments on human subjects reported b\ Stheer (1940) 
smoking to the point of signs of intoxication was followed b\ an increase 
in the number of reticulocxtcs in the peripheral blood in most cises 
Increased production of these cells was not indicated The stimulus of 
nicotine apparenth ciustd tlieir discharge from the bone marrow m 
increased numbers 





the MDNEi 

quite generallj supported the ussuinption that the “"fsf ^^ter- 

umerTated Hirt (102G) and Kaufman and Gottlieb (1931) also inter 
preted their findings as supporting this point of aicii, but unmistakable 
nene fiber terminations in contact ulth parenchtanal cells hare not been 
demonstrated 
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IvidneN 'IS soon ns the ureter was opened In nnothcr senes of 'inirmb the 
normal kidne\ was reino\ed fixe da\o to two weeks after tlie primary 
operation The capacit\ of the single denerNatetl kidnei to eliminate 
follow mg mtra\ enous injection of nonn d salt solution, 1 ictose solution and 
phenolsulphonphthalem w is compared with tint of a normal dog which 
had been subjected to unilateral ncphrectoim In a third senes of animals, 
Quinbi (1917; tested the response of the denen ated kidnci to mtrai enous 
injection of liipcrtoiuc solutions of sotlium chloride iirci and caffem and 
found that the reactions ol the norm i\ and the denen ated hidnei to these 
solutions were prictioalh identical these findings strongli suggest the 
absence of secreton fibers to the k.idne\ 

Marshall and KoUs (1919-1920) who wide a most painstaking stud\ 
of the results of denen ation of the kidnc' m relation to diuresis and 
unnl^^ secretion, agreed with Quiuh\ that depriMUg a kidnei ofitsnene 
siipph results in in imrcased output of imm on that side with a relatne 
lowering but total increase of solids llu\ found that the mcreabed 
excretion of urine bi the denen ated kidnex persisted for months after the 
operation, whereas Qumbx had rtportetl thit it persisted foronlx ten daxs 
to two weeks On the basis of their experimental results, the' concluded 
that the changes noted m the sccretorx ictixitx of the denen ifed kidue' 
were due solelx to x asodihtation with the consequent increased flow of 
blood through, the organ ^\hen the renal arterx w is constricted 1)\ arti- 
ficial means after donerv ition of the kidncx tlie output of urine was cor- 
respondmglx reduced Ihex also found that when the denen ated kidnex 
was secrUmj, much more urine than the normal kidnei the normal ratio 
could be reestabhshial bx piralxzmg the splanclmic on the nonnal side 
The results obtained \)x MilUkcn and Karr (1925) m general corroborate 
those of 'Marsh ill and IxoUs Ihex dso afford idditional eudence that 
denerx ation of both kidnex s, m experimental animals (dogs), as far as this 
is possible bx cutting all the xisible fibers of the renal plexus produces no 
untoward results and that the ammal max continue to Ine in good health 
for an indefinite period GubergnU ami Itscbcnko (192G) nUo found no 
positixe exadtnee »n support of the theorx that renal sccretorx actixit' is 
regulated either in whole or in part through si cretorx fibers 
In experiments reported bx Grabfield and Swanson (1939), m which 
sodium chloride was added to the diet of dogs which had been subjected 
to denm ation of one Kidnex, the excretion of the salt bx both kidnex s 
occurred more promptix than in normal dogs Thtx interpreted this result 
as indicating a coordinating mechanism of humoral nature affecting both 
Kidnex s w hich probabb is assocnteil with the renal nerxes 


In a studx of renal circulation and secretion m dogs with special refer- 
ence to the effect of extracts of the posterior hx pophx se il Jobi JIandox ak' 
and Samaan (1937) found thit the renal blood flow constant wjthm 
narrow limits lu the resting annml and is diminished for a brief period 
when the animal is disturlud Diuresis produced bx administration of 
water was preceded b\ an increase m renal circiihtion which was inde- 
pendent of nerxe impulses and imrelattd to changes m systemic Wood 
pressiuc J ml itenl section of the sphnehnn nerx es rtsiihed in increased 
remi c.vcuht.on ind secretion in the offected l.dnel Admm.sfntion of 
adrenm caused i demise m reml circulition and secretion depending on 
the dosage, but the output o! unne returned to the normal lerS m ten to 
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me as di\ ided before section of the \ agus, m their experiments, the output 
of urine folloAMng x agus section uis gre-ith increased due to the absence 
of a asoconstnction On the other Imd, when \agus section was earned 
out first, the output of urine following section of the lesser splanchnic was 
also greath augmented These results were due in a lirge measure to 
\ascular changes but, as demonstrated b\ Asher (1915) and lus students 
the a agus siipph to the kldne^ includes no a asomotor fibers nor does x agus 
stimulation result in renal a asodilatation 
In experiments reported bx Ivusakan (1930), in which the rate at which 
phenolsulphonphtlnlem prexioush injectctl w is excreted b\ the kidnexs 
was determined, it was found tint both water and the drug were excreted 
in equal quantities bx both kidnex s w hile tiie nerx cs w ere intact Follow - 
ing section of one splanchnic nerxe, the output of urine bx the kidneN on 
the corresponding side was increased but the rate at which the drug was 
excreted remained practicilK unaltcreil This result was interpreted as 
indicating an influence of splanchnic impulses on the ret>orptix e actix itx of 
the renal tubules The effect of eaffem on tlie renal functions, in ICusa- 
kari s experiments xxas not appreciably influenced by section of either the 
xagus or splanchnic nerxes This drug apparently inhibits resorption bx 
its direct action on the cells of the renal tubules 

In axpcriments reporte<l b\ Muller, Petersen and Piedcr (1930), the 
normallx mnerxated kidnexs of the dog gaxc no exidence of damage for 
about thirta minutes following heixx injections of Bacillus coli but, with 
the onset of a chill albumin red blood cells and bacteria appeared m the 
urine xerx promptlx In animals with one kidnex prtxiousK denerxated, 
this kidney continued to excrete normal urine after the injection of the 
bacteria in spite of the chill, wlicreas, with the onset of the chill, the urine 
from the normalU innenate<l kidne\ promptlx showed the presence of 
albumin, red blood cells and bacteria m large quantities According to 
Milles Muller and Petersen (1931) dencrxation of the kidnex in the dog is 
followed bx general dilatation of the renal xascular bed and some degen- 
eratix e changes particuhrlx in the intima of the blood x essels 

Certain of the experimental results reported aboxe suggest that renal 
secretorx actix itx is influenced to some extent bx nen e impulses acting 
directly on the kidnex cells The output of both water and the solid con- 
stituents of the urine hoxxexer is determined mainix by the volume of 
blood flow ing through the kidnex In x icw of the fact that denerx ation of 
both kidnex s, m experimental animals is not necessariK followed bx 
untoward results, and in xiew ot the xolume of e\*perimental data which 
seems to indicate that the renal output is determined solelx by the xolume 
and content of the blood flowing tlirough the kidney , the burden of proof 
must still rest with those who maintain that the kidnex is supplied with 
true secretorx fibers 


Reflex Regulation of Renal Function —The secretory actix ity of the kidnex 
IS subject to reflex nerx ous regulation m some degree Local cooling of the 
skin in the lumbar region results m inhibition xx hile increasing the cutane- 
ous temperature m this region results m augmentation of renal secretion 
rhese functional changes are due mainly to reflex x asomotor changes in the 
kidney Cold applications to the skm of an experimental animal result in 
an appreciable decrease m the size of the kidnex and diminution of pressure 
in the r^enal x ein Similar reduction in the size of the kidney max^also be 
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]>ro\ij,ht nl) 0 \it h\ afTttcut stimulation of a pcnphtnl ncr\ c, e i; , the ‘sciatic 
or an intercostal iicr\c llcflcx inlnlntinn of renal funUion cliotwi b\ 
nnpnlscs ansinR m some otlicr part of the urnnrj sj stem is not uncommon 
Reml colic fr«]uent!> is nccompamwl !>> nmirm winch im> persist for 
hours or e\cn (!n\s, <luc to reflex *»pasin of the renal arteries Tlie same 
result inaj he hroupht nlimit hs Kinkiti;; or compiession of the ureter 
Pflauincr (1910) was unnhlc to elicit an> cIToct on rtnil secretion b) 
incclnnical stimui ition of the mucosa of the ureter On the other hand, 
he ohscr\c<l mlulution of renal secretion ns the intern il pressure of the 
uniinn bhdclcr because iiicrcasmgU greater (i csico-renal reflex) Ureteral 
stasis also inhibits the output of unne (uretcuwcnsl reflex) \cconlmg to 
Klatt (1930), stimulation of the lower thml of the ureter also elicits reflex 
xolumc changes iii the kulnex on the opposite sulc Direct wanning or 
cooling of one kidnix usunlU elicits no reaction in the other hut strong 
thtnnni stimulation of the one usuilK calls forth a reflex response in the 
other Lehelhur (1930) reportcil clmicn! cases m w hicli in irkci! lUmmution 
of the unnarx output of an npp»rentl> iionual kulnev was nssncntetl with 
a lesion of the other kidntN On the basis of results olitaincil m nniiasl 
experiments, lie eoneludcil tliat the output of the normal kiilnes ws» 
limited b\ reflex xasoconstrietion thcitcsl In the Simulating effect of the 
lesion III the contralatcnl organ 

Central Relation of Renal runcllon —Claude llcrinnl ob'ervctl pol>iina 
follow mg a lesion m the floor of the fourth x entricle betw een the x ngus and 
xcbtilmlar nuclei Mexer and Tungmnnti (1913) produced a lesion m the 
floor of the fourth xcntriclo xxhich resuUc<l in an increase m the output of 
urine but m a proportionntcU gre itcr increase in thesoihmn cblondeout 
put which did not affect the siH content of the blood, exen though the 
anunxl Ind prcxunisls been rcnderwl salt poor lliib rc'sult of the lesion 
x\ as not obserx ctl folloxx mg section of the splanchnic iicrx cs The efferent 
impulses inx olx ctl obx loual) arc camctl out ox t.r these nerx cj' \cconling 
to Jimgmann (1922), puncture of the center for carbohjdnte mctiboliiin 
m the mctliilla results m diuresis with increvsctl chinmation of sodium 
thloride mdepeiidcntlx of its effect on the sugar content of the blood 

ihc aboxe results probablj could be cxjilametl on the assumption thxt 
a lesion in liie rtgion of the carbohj (Irate center mxoixes fiber tracts which 
mediate impulses xxhich are conducted xu the splanchnic ncrxcs 
kidnex as well as to the Iix cr Drcsel (1922) presented ex idence which he 
interpreted ns indicating tliat the effects on renal secretion of Ic'-wa^ in 
the medulla are not the results of injuries to fiber tracts but to 
centers In collaboration xx itlx Brugsdi and Lewx , he found a region rawiai 
to the spinal tract of the trigeminal nerxe, x entrotncdial to the restifomi 
body and dorsal to tlie nucleus of the facial nerx e x\ Inch he regarded as the 
center which ngulates both the chmmation of x\ ater and sodium chloride 

Polvuna occurs not uncommonlx as an acconipanmient of epileptic 
seizures and xiolent xttacks of inigrunc It also accompanies certain 
ps\ chic states e g , cxpectancj or fright 1 hese effects imdoubtedJj aw 
mecli xted through h\ pothalamic autonomic centers and the efferent path 
wajs leading from tliest centers to the cells of origin of the splanclu^ 
nerx es The role of hj’pothalamic centts^ in xx ater metabolism is discuss 
more specificallj m Chapter IV . 

Although nerxe impulses plaj nn important role m renal sxKiretion, tins 
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role must be regarded as onU reguhtora and dependent on the \ isomotor 
control of the ren il blood \esseU exerted through the sjoiipathctic ner\ es 
Renal function is determined mainh h\ the inherent capacit\ of the renal 
elements, the h\drostatic relationship of the blood to the kidney and the 
stimuli to the renal secretorj elements afforded b\ substances in the 
circulating blood 

The Ureter —Nerve Supply —The ureter den\e*> its ner\ e supply mainij 
from the renal spennatic (or o\anan) and In pogastric plexuses (Fig G4) 
\ subordinate plexus derned from the aesical plexus aNo surrounds its 
looser portion The afferent fiberb supphing the ureter are mamU com- 
ponents of the ele\enth and twelfth thoracic and first lumbar ntrxes Its 
\agussuppK probablj '^Iso includes aflercnt components 

The arrangement of the nen es m the w ill of the ureter seems to be 
relatneh simple The ma]ont\ of the fiber bundles run longitudmalh 
but branch freelv and intercommunicate with ont another In man and 
certain other mammals, particularK dogs ind cats, groups of ganglion 
cells an associated with the intrinsic ncraes m the lower third of the 
ureter Ganglion cells hiM not been obscracd m the upper two-thirds of 
the ureter in an\ animal The sjinpathetic and parasMnpathetic com- 
ponents of the nencs to the ureter cannot be dilTcrentiattd anatomicalh , 
but It IS highh probable tint the ganglion cells m the lower third are 
incorporated in parasnnpatlietic ellcrent chains Most of the intrinsic 
nnrN e fibers are unm^ ehnated and of small caliber 
Control of the Ureteral Musculatuie — Ihe musculature of the ureter, like 
other smooth muscle possesses the inherent capacit\ to undi rgo rhj'thmic 
contractions Rhjthmic peristalsis pla\s an important part in propelling 
the renal seiretion toward the bladder Such contractions of the ureter 
persist, in the intact animal, following section of all its extrinsic ncraes 
kinder proper conditions theN can be clicitid m excised pieces of the 
ureter Ureteral actiMtv under normil conditions, probabU is subject to 
nenous regulation If, m an experimental animal, the kidne\ is actneh 
secreting peristaltic wa\es of contraction ma^ be ob5cr\ed winch are 
propagated along the ureter from the kidncj to the unnaia bladder m 
regular sequence Direct stimulation of the ureter at an\ point gi\cs ri'?e 
to a contraction wa\e which is propagatetl m both directions from the 
point stimulated thus peristalsis and antiperistalsis ma\ be obser\ed at 
the same time (Schilf, 1920) 

Engelmann (1809) ad\ anced the opinion that tlie musculature of the 
ureter is stimulated automaticalh to undergo periodic contractions and its 
functional regulation requires neither intrinsic ganglion cells nor extrinsic 
nerces Hr\ntschak (1925), and others adopted this point of Men The 
abundant ner\e supply to the ureter, howe\er, cannot be regarded as 
de\ Old of functional significance 


The data obtained in experiments imoUing direct stimuUtion of the 
ncrxcb to th< ureters are not imequnocal Tor example Fagge (1902) 
and Stern (1903) obserxed acceleration of ureteral contractions in response 
to stimulation of the hjpogastnc nerxe Elliot (1906 1907) observed i 
Mmihr response m certain mammals but failed to obtain it in tlie ferret 
IMiirton and Hughson (1931) ad\ anced the opinion tint the ureteral 

muscuhture isactuatedbj sxinpathetic stimulation but the% observed no 
rcbponse of this musculature to sacnl parasMnpathetic stimulation On 
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tlie Insjs of an cxtcnsn c ru icw of the hUtuture, mUudmj* tl\e reports of 
stiuhcs of the effects of \nrio\is dnrgs on the nretcrnl musculature, Gruber 
{3 D3 i) cojjcluflrrj tint, nlthoii^h the results of innnj of the reporter! studfes 
are meondnsne, the data ii\ndah1e support the assumption that the s\Tn- 
patlictic inncnation of t)ie ureter intiudes hotli crei(ntor\ and mhibitors 
fibers, the p ins^inpathttic mner\ntion onU cxcUatorj fibers 
Ihe loucr end of the ureter »s not proMifcd \Mtfi n s|>ecn( sphincter 
musdc Its opening and closing npjicnr to he rtguintcr! h^ the nctn iti of 
the bladder innscul iturc atul the mtcnml xesical pressure \ccording to 
the current teaching, contraction of the bladder tends to close the ureter 
so that nrmc cinnot be fortctl Imck mto it while the bladder is c’lpelling 
Its contents Contraction of the blnilder prolnlilv fl!*>o results in rt/let 
contraction of the lower portion of the ureter This also would tend to 
present tlie h ich firm of urmr mto the j>cKis of the kidney ■Maintenance 
of the tonus of the urctcml inn^^cnlatnrc and rcfltx coordmitian of the 
actiMties of tlic ureter to contractions of tlic bluldcr probsbfj represent 
the most important functions of the nerves siipplv mg tlic ureter 
The Unnary Bladder —Ertrlnslc Nerves '-The nnnnrv hlidder is inner 
% at«l througli the v csic d plexuses which an. complex nic>hw orks of nen t- 
fiber bundles and fiattLiicil ganglia cxltnthng from the region of the 
trigone along the lateral aspects of the Wnddtr J nch vesical plexus may 
bercgardwlnsn suhdivMonof the corrtsjionilmg pelvic plexus It receives 
prfganghmHcond v isoeral afltrent fil>ers van lioth the h\ pogastne and peh ic 
nerves Ihc pudendal nerve through winch the external vesical sphincter 
is supplied, also convevs ntrcrcut fihcrs to tlic internal vesical spluncter 
and adjacent parts of the bladder (Fig f>l) 

Most of the svTnpatlictic preganglionic fillers involved m the innervation 
of the bladder terminate in the g uigln in the v cstcal plexus some probabh 
terminate in the lumlnr gaugln of the svmpatlictic trunk In the dog 
according to Schabadnsch (192S), a large perceniage of the extrinsic fibers 
enter the bladder wall without svnaptic nlavs in extrinsic ganglii The 
ganglia in tht v csieal plexus are neitlicr cxclusiv eh smpatlietic nor exclu 
siveh parnsjonpathetic, but preganglionic fibers of lioth thctliorncolurobar 
s} mpathetic and the sacnl parasv mpatlictic outflow s efTcct sv naptic con- 
nections m them (Kuntz and Moaclc>, 1910) 

Intnnsic Nerves —The nerves which penetrate the bladder wall from the 
V esical plexus join the intramural plexus vvluch includes numerous ganglia 
The intramural ganglia arc mo’^t abundant m the trigone and gradoalh 
become less abundant ns the distance from the trigone increases The 
fundic area probabh is devoid of ganglia flie larger intramural ganglia 
and some of the smaller ones arc situated just beneatli the serosa Other 
small ganglia arc located between muscle bundles OVoUivn'ski, 1930) but 
relativeh few he deeply imbedded m the muscle The intramural ganglia* 
like those of the vesical plexus, receive preganghotne fibers vaa both the 
hypogastric and the pelvic nerves In experiments earned out on cats 
Moseley (1936) found that approximatdj 40 per cent of tlie intramural 
ganglia receive preganghonie fibers tAcluoivcly vn the hjTiogastric nerves 
(sjonpathetit outflow), approximately 40 per cent exclusn elv van the peh ic 
nerves (parasympathetic outflow) approximately 20 per cent via both 
the hvpogastric and the pelvic nerves Although the number of ganglia 
which, according to their preganghomc connections, must be claosiflcd as 
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s\Tnpathetic is npproxim'iteh eqinl to the number ^^hIch, In the same 
criterion, must be classified as paras\Tnpatlietic, there is a preponderance 
of parasympathetic ganglion cells in the bladder \'all, since most of the 
larger ganglia are parasympathetic Most of the ganglia which rccene 
preganglionic fibers ^ la both the h\ pogastne and the pch ic ncia es also are 
relatneb small 

Most of the ner\e fibers in the bladder wall are unin\elinated and of 
small caliber IVhtlinatcd fibers also occur Of the latter, those which 
penetrate deepi' into the wall undoubtedh are afferent Ner\e fiber 
terminations in the mucous membrane which prcsumablv arc ifferent ha% e 
been described b^ ^ anous in\ estigatorb According to ScUabad isch (1934), 
afferent terminations in the mucosa arc hunted to the area of the trigone 
\ccording to Langworth\ and Murpha (1939), receptors are wideh dis- 
tributed m the mucosa and submucosa but most of those m the trigone and 
adjacent areas are connected witli ifferent fibers which traierse the s\Tn- 
pathetic ner\ es w hcrcas those farther rcino\ from the base of the bladder 
are connected with afferent components of the pelvic nerves Klcvntjens 
and Langworthv (1937) demonstrated comple\ terminal arborizations of 
relatnelv large afferent fibers m the musculature of the bladder, which 
thev interpreted as stretch receptors since m their experiments, the blad- 
der did not respond normallv to stretcli following section of the dorsal 
sacral nerve roots Ihc histologic structure and the distribution of the 
stretch receptors in the muscle hive been studied further bv Langwortlij 
and Alurphv (1939) in methvlenc blue preparations Thev also studied 
the distribution of the sympathetic and parasj'mpathetic motor endings 
in the bladder musculature and advanced the opinion that the efferent 
innervation of the detrusor muscle is effected soleiv through parasvmpa- 
thetie fibers, whereas the svanpathetic fibers in the bladder w all are distrib- 
uted mainlv to the blood v essels, Bell s muscle and the ensta of the urethra 
Contran to these findings, abundant phvsiologic data support the assump- 
tion that the detrusor mu'iclc also is innerv atcel through s\ mpathetic fibers 
Innervation oi the Urethra -—The male urethra is innervated through 
the prostatic and cavernous plexuses, both of which are subsidiaries of the 


pelvic plexus Thev include sympathetic fibers derived from the hypo- 
gastric plexus and parasvanpathetic fibers derived from the pelvic plexus 
The prostatic plexus is continuous with the vesical plexus ind lies in 
intimate contact with the prostate gland It supplies fibers to the neck of 
the bladder, the prostate and the prostatic urethra The cav emous plexus 
mav be regarded as the forw ard extention of the prostatic plexus Nerv es 
arising from the cavernous plexus suppiv the corpora cavernosa penis and, 
communicating with branches of the pudendal nerves, give off rami to the 
corpus cav ernosum urethre and the penile portion of the urethra 

ibe female urethra is innervated through the vaginal plexus which is 
composed mainly of parasvanpathetic fibers denv ed from the pelv ic plexus 
but includes some sympathetic fibers derived from the hv pogastne plexus 
in part directlv from the sacral segments of the syanpathetic trunk 
The external vesical sphincter and the compressor urethra muscles are 
innervated through the pudendal nerves 
Reeulation ot Vesical Function -Specific Actions of Sympathetic and 
Parasympathebo Nenes -The unnarv bladder is a muscular oriran whose 
functions are storage of the renal secretion and its periodic discharge Its 
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inubcitlnturc consists inninU of tlirtt )n\cn the components of ^^h!cJJ arc 
feo mtimatclj int<n\o\cn that tlicj tonstitutc n funetionu! unit the 
detrusor kuiscIo Its outlet is pmsidcd with nn intcrnil sphincter com 
posed of smootli nnistle nnd nn cxtcrnnl splunctcr composed of stmted 
muscle 'Ihc smooth muscle, ntchtdin^ tiic mtinnl splnnttcr, is inner 
\atc<l throu(,h both sjnnpilhcticnndpimsMnpsthctic ncrscs, theestema! 
sphincter throu;,}i somatic nerxea 

In gcntrnl stmnilntion of tlic pirnssinpitiicticiimcnjition of tliehlidder 
results m functional iictisits, nnd stimulation of the SMnpithcticntnesin 
inhihition of function biulcr certnm conditions, these common responses 
to parnsjiupathctic nnd s\7npithctic stlimtlntiori Tna\ he re\erse<l In 
cNpcnmcnts on cats rti>ortc<l In Ijiugnorlhi , Kolh nnd I-ewis (1940) 
s\-mpvthctic stimulation enuHs! an initial rise m intnsesical pressure foi 
lowcil h> n fall hclo\\ the nonunl renting Icscl, when the sohimc svas held 
constant, and nn initial dectetse m the sesic-nl \ohnnc followed 1)V an 
inert ise, wlicn the mtniic'sieal pressure wtes held constant Stimulation 
of the hspogiistnc lurses nlso rcsiiltctl m closure of the urctcml orifices 
and tlicir displacement tow nrd the inid line The hfl.se of the hhdder also 
was drawn catidalw ird hs the contraction of Hells miiscle rollowinjj 
s^7npathet^c dent nation of tlie hhddcr it occomimKlatal a smaller \ olurne 
of liquid before micturition ocetirretl 

Liuhtcral stimulation of the pelvic nent chtits contraction of the 
corre&pondinp 1 Ucral half of tlic detrusor muscle w ithovit mfltcrioll> alTect 
mg the otlier hilf If one ptKie iiene Ins been cut several weeks pre- 
V louslv , stimulation of the intact mn c rc&ulb m contraction of the entire 
bladder musculiture (I Ihott, IdOO, 1907) Ibhtcm! section of thepcbic 
nerves results m nmrk«I atoiiv of the <fttnisor muscle and closure of the 
spinneter (Uennip, 1924) Tlic liquid content is held at higher pressure 
than m tlic norm ills innervated bladder nnd for the first few davs the 
vesical cvpacitv is mcrcasoil but drops >!omc\\hat below the normal le'd 
when automatic nnctiintion begins (I ingworlln, Reeves and Tauber 
1934) The (mptjing reflet then is initiated earlier, m response to filling 
of the V iscus, than in the nonnnllv innen ated bladder 

In a stnd> of the action potentials of tlic nerv cs of supplv to the bladder 
in the cat, I v ans (1930) obtained no satisfactory cv idence that the svan- 
pathctic nerv ea plnj any pjrt m vesjcaJ function Langworthv, Kolb and 
Lewis (1940) advanced the opinion that the detruvor muscle is devoid of 
functional sjinp ithctic innen ation riicir finding that svanpathetic stm 
ulation results in nn initial rise in intravesical pressure followed by a 
below the normal level, if the volume is held constant, and an loiti^i* 
decrease m volume followed b\ an increase, if the pressure is held constant 
probably could be explained as due to the reactions of the muscles at the 
base of the bladder t e , Bell's muscle and the crista of the urethra, which 
they concede are sympathetically vnnerv ated 

In experiments on cats and dogs reported bv Kimtz and Saccomanno 
(1944), in which the responses of the musculature near the apex of tiie 
bladder to sympathetic stimulation were recorded under conditions cai 
culated to eliminate any effects on the records of respon'^es of the rauscula- 
ture at the base of the viscus, fandve stimulation of the hy^iogastric i^rves 
elicited an initial contraction followed by prolonged inhibition Func- 
tional sympathetic innervation of the detrusor muscle, consequently, is 
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demonstrated In these experiments, the initi d contraction elicited bv 
moderate sympathetic stiraulalion was of short dut vtion and sm ill ampli- 
tude The follow mg relaxation w as prolonged but usually not \ crj marked 
(Fig 65) The results of experiments carried out on male human subjects 
under spinal anesthesia, which, with respect to the sj rapathctic innerx ition 
of the bladder, are comparable to those cited abov e, ha\ e been reported b\ 
Learmonth (1931) In general, his findings corroborate those cited aboi t 
Stunulation of the entire s^'mpathetlc suppK to the bladder results m 
powerful contraction of the ureteric orifices, increased tonus m the trigone 
and contraction of the internal \esieal sphincter, but no obscnablt effect 
on tlie detrusor muscle altbough this muscle is inhibited Stunulation of 
either h% pogastne ner\ e results in contr iction of the ureti nc onfif e on the 
same side, increased tonus in the trigone and contr iction of the intern i\ 
sphincter No reflex responses m the bladder could be ilicited bj stimula- 
tion of the proximal portion after section cither of one pog istnc nen e or 
the entire sianpathetic suppK flic iinmcdiitc results of section of the 
sianpathetic supph are relaxation of the ureteric onhccs, the entire trigone 



Fro 05 — Ivj moeraphif records showine initial contraction of tlio detrusor mutele follon ed 
by prolonged inhibition in response to moderntc (A) and strang (B) stimulation (Kunts 
and Succomanno 1944) 


and the internal sphincter but no obscnabic change in the detrusor 
muscle After an intertal of about twent\-one dajs, the ureteric orifices 
dost in the inten als betw een jets of unnt, the trigone appe trs less relaxed 
but still abnormal, and the internal sphincter ma> close completeh, 
although it offers less resistance than the normalli mntn ated sphincter to 
the adiancing beak of the cistoscopc Intraienous injection of adrenin 
in approprnte dosage m Learmonth s experiments, resulted m an im- 
mediate actue dilatation of the bladdtr which remained at its increased 
cdpacitj for approximateh fiac minutes This result definiteh indicates 
the existence of inhibitorj fibers m the sympathetic supph to the detrusor 
muscle m man 

On the basis of experimental studies carried out on dogs, Henderson and 
Koepke (1934) ad% anced the hj pothcsis that the functional actn it\ of the 
b adder mvohes both a tonic and a contractile mechanism Tonic stim- 
M W," Z Th re5uM m Ubention of an acetj Icholme-like 

^bstance The tonic mwhamsm, furthermore. as depressed by atropine 
Contractile stimulation did not result in hberation of an a<etUcholme-hkt 
substance and the contractile mechanism uas not depressed bj itropmc 
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In c\pcnmtnts on cat'i rtportctl hj Mclliinb\ mill Pratt (1910), iiHtan 
tancous change from constant intravesical pressure to constant solurae 
conditions caused cither an i^oinctnc contraction or a state of riuicseence 
at 7cro pressure, atconiing to the phase of isotonn rli\thm at nlucli the 
change nas made Tlio jsomttnc contraction a as foiloacd bi a state of 
fimesccncL at zero prt^ssurc for an indcfitiitc period or bs a senes of similar 
rhulnnic contnctions Division ut the pcUic lurvi aliohshcil the iso- 
metric contractions Stimulation of lU penpht ral iwrtion thcitcil maximal 
1 ‘^onietnc contrictums Acitvlcholmc chcittsl prompt responses similar to 
isointtnc contractions Adreum ihcitcil similar responses after a long 
1 itciit period Atrtipinc nbohsUcsl the isomttnc tontnictions more readil\ 
than It destrosed the isotnmc rh>tbin 

Mictuntion — Vonnal micturition is in part reflex and m part a voIuntar> 
act live ucr\ous mechanism through which the voluntarv control of this 
function IS exercised has cngngtsl the attention of not a few inx cstigators 
According toMuilir (PUS) and Adit r (1918), tlic cortical impulses imohed 
m voluntirv micturition arc not conductnl to the bladder TnU''Cuhture 
dircctlj but to the external sphincter which H a \oltint in muscle The 
peripheral fibers through which these impuKcH arc conducted are com- 
ponents of tlic pudendal ucnc 'Uicir tlircct effect is relaxation of the 
external sphuicttr \ccottling to the thcorx adxancetl h\ Muller, rclxxa 
tion of tlic extern il sphincter gixcsj rise to stiinuh which arc conducted 
back to the spmnl coni xm the afferent pmliiulal fibers which effect reflex 
connections with efferent components of the pcKic ncrscs, % e , the ime* 
turition reflex is umiatc<l In xoUmturx mbibitmn of a stnatcsl muscle and 
then earned out as a spmal reflex through the appropriate x isccnl efferent 
chains like tlic spinal Tcflcxcs> mxolxccl in the fimctionn! control of other 
X iscer il organs 

On the basis of experimental studies cirned out on cats Barrington 
(1914 1921) dcscnbctl a senes of five mictuntion reflexes (1) A hind 
bram reflex through w hicli contraction of the detrusor muscle is elicited b\ 
distending the bladder Both the afferent null efferent pathwaxs mxohed 
in this reflex traverse the pelvic nerves (2) A hind-bnm refluv through 
whicli contraction of the detrusor muscle is elicited b\ running water 
through the urethra 'llie afferent pathwav of this reflex traverses the 
pudendal, and the efferent pithwnv the p»Kic nerve (3) xk spinal 
through which a slight tnnsitorv contraction of the bladder is elicited b\ 
distending the proximal urethra Both afferent and efferent limbs of the 
reflex arcs employed traverve the hjpogastnc nerves (4) A spinal refltx 
through which relaxation of the urethn is chcitcd bv running 
through It Both afferent and efferent limbs of the reflex arcs craplojed 
traverse the pudendal nerv es (5) V spinal reflex through w Inch relaxation 
of the urethra is elicited b> distending tlie bladder The afferent limbs of 
the reflex arcs cmploj ed trav erse the pelv ic, and the efferent hmbs the 
pudendal nerv es StiU another spinal micturition reflex has been described 
by Barrington (1931) tlirough which relaxation of the smooth muscle, 
particularly of the proximal third of the urethra, is elicited b\ distending 
the bladder Both the afferent and efferent limbs of the reflex arcs em- 
plojed m this reflex traverse the pelvic nerves In decerebrate animals 
according to Barrington, distention of the bladder through filling elicits 
reflex contraction of the detrusor muscle This in turn elicits reflex relax 
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ation of tlie iirethri, mIiicIi elicits further contraction of the detrusor 
muscle, resulting in complete emptMng of the bladder The reflexes are 
cimcd out m part through spinal cord centers and in part tlirough centers 
m the brain stem 

In later experimental studies carried out on decerebrate cats, Barrington 
(1942) found that tlic mean rate at 'which urine passes through the urethra 
in normal micturition is greater than necessarx to elicit reflex contraction 
of the detrusor muscle On the basis of all his pertinent dat i he concluded 
that urethral stimulation bx liquid passing through it max elicit contraction 
of the detrusor muscle tlirough a liiiwldirain reflex carried out tlirougli 
afferent components of the pudendal and efferent components of the peix ic 
nerxes or through a spinal reflex cirricil out through afferent and efferent 
components of the pclx ic nerx ts 1 lie fonntr reflex is elicited more easilj 
than the latter and results m tlic greater contraction 
Certain of tlic reflexes described bx Barrington baxe been demonstrated 
ex-penmentallx in the dog lix Dennig (1924) In experiments m xxhicli 
contraction of the bluldcr x\as elicited 1)\ means of xxater m the urethra, 
contraction of tlie detrusor muscle alxxaxs took place at the instant xxhen 
the pressure m the urethra became siiflicicnt to open the external sphincter, 
regardless of the direction of tlie flow of the liquid Ihe mere floxxing of 
liquid through the distal pirt of the iirethri did not elicit contraction of 
the bladder He tliercfore concluded that opening of tlie external sphincter 
constitutes the adequate stimulus for tlic micturition reflex 
Dennig also demonstrated experiment ill> that xoluntarx micturition 
can be earned out following section of the pmlendal nerxes Although 
closure of tlie sphincter incclianism is less perfect follow mg bilateral section 
of the pudendal nerx e than before dogs w liicli Ind prex lousK been trained 
to micturate at a designated place persisted in this habit after section of 
the pudendal nerx es, and discliarged urine x ohintanlx w hencx er thex xx ere 
brought to the place in question Since no otlitr somatic efferent fibers 
reach the bladder or urctlira and the direct stimulating effect on the blad- 
der of increased intra-abdominal pressure due to contraction of the abdom- 
inal muscles xx as ruled out due to the case xx ith xx Inch tlie flow of urine xx as 
brought about, Dennig concludetl that xoluntarx impulses affect the 
bladder directlx through the autonomic nerxes Further experimentation 
also proxed that the autonomic nerxes inxoixcd are the parasxanpathetic 
and not the sxmpathctic nerx es supplx mg the bladder I ollow mg section 
of the pudendal nerxes section of the lijpogastric nerxes had no apparent 
effect on xoluntarx micturition Micturition could not be carried out 
'oluntarili^ following section of tlie pelvic nerxes leaving onix the hypo- 
gastric nerxes intact, until the bladder became adjusted so that it would 
contract m response to increased intra-ahdominal pressure due to con- 
raction of the abdominal muscles 

, ^ddition to showing that voluntary micturition can be carried out in 
e absence of functional pudendal nerves i e through the autonomic 
vparasyanpathetic) innervation of the bladder, Dennig’s experimental re- 
sults also shed some light on the specfic functional defects of the bladder 
ue to elimination of anx one of the sex eral components of its nerx c supply 
ec ion of the pudendal nerxes results m imperfect closure of the sphincter 
fi? urethral sensibility , but does not materially disturb the normal 

c loning of the bladder otherxxise Section of the hypogastric nerxes 
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eiU\cr alone or m addition to tlic pudcndid ntnes reswUs in no nnrVwl 
changes in UadiUr function Section of tlic pcUic nones hrmgs alwiit 
profound functionul and trophic tlisturlwncts of the bladder Section of 
all the ncnca to tlic bladder is followed bi more or less constant flon of 
urmo in small quantities but also periodic dKimrgcs of larger quantities 
brought about b\ mcclmnicnl stumdi to ivliicb the blaildcr is now biTior- 
scnsitnc Incomplete emptying iind cjstitis are common under these 
conditions 

The time of onset and the cnicitnc> of automatic micturition m cats 
following biKtenl section of the pehic mnes, ntconlmg to Langwortln 
and Ilciscr (lOlb), arc rchitc<l to the dci clopmcnt of rhxthmic contraction 
\^a^cs in the Idaddtr iiui'iculatute and lowering of the intr iNcsical pressun. 
as liquid flows out through the tircthm 1 oUowing the onset of periodic 
micturition, the \ oluinc of the bladder drojvi below the iiorroal lc\cl 

Inasmuch as aohmtar\ micturition can be camesj out following section 
of the pudenda! nciacs, certain iincstigitors liaic mnintnmcil that the 
autonomic mechanisms cmplojcil m micturition arc subject to liirect 
\ oluntnr> influences lliorc is no c\ idtnct that contraction of the ilelnisor 
muscle can be mituitcd or continueil b\ direct \o!untnrv effort On the 
otiicr li Hid, micturition cannot lie ailetjuatch explained on tlie assumption 
tint the posterior urctliri and external sphincter constitute the onlv 
trigger 70110 for starting the act On the basis of all tlic data axadablc 
mcliHlmg clinic d and cNjKruncntnl obserxations on man, Ix-armonth (I<>31) 
his nd\anee<l the opinion that the bladder mihculature and the interna! 
sphincter also constitutes a “tngger rone for tlic milintion of the act of 
micturition ^Yhcn the bladder is ndtxjuateU distcndctl the opening of 
the internal sphincter is arrangc<l for autoniaticallj This according to 
Lcatinonth “is the nicchamsm of mictimtum on desire to unnate ” On 
the other hand xoluntars relaxation of the internal sphincter is accom- 
panied bx automatic contraction of the detrusor muscle This, according 
to Learraonth, ‘ is the mechanism of xoluntarx micturition *’ 

According to Dennv-Ilrown and Rolicrt'on (1933), powerful contrac- 
tions of the detrusor muscle which liaxc a xen short latent period and do 
not differ in fonn and rlixtlim from the spontaneous contractions of this 
muscle can be caileil forth b> xohmtnrj effort These contractions appear 
to be inseparably associated witli relaxation of the musculature of the 
perineum Voluntnrj restraint of micturition exerts an inhibiting effect 
on the contractions of tlic detrusor muscle and is accompanied b> contrac- 
tion of tht ptrineal musculature and closure of the external sphincter 
Since micturition maj be imtiatcil bx xohintarx effort and is subject to 
X oluntarv mterruption at anj point m the ex cle itcanhardli be regarded 
as purelx reflex It maj be urged that xoluntarj closure of the external 
xesical sphincter presents an insuperable barrier to the outflow of urine 
This how ex cr, is not an adequate explanation of the sudden interruption 
of the flow of urine particularly ra the female since in the female the 
eirternal sphincter is so feeblv developed that it probably maj be disre- 
garded in considering the normal physiologj of the bladder Sudden 
interruption of the outflow of urine, furthermore, is not followed by a 
feeling as if the detrusor muscle wa« contracting against a force which it is 
unable to overcome The available evidence favors the assumption that 
contraction of the detrusor muscle ceases simultaneouslj with the closure 
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of the mtennl sphincter and at once becomes tonicalI\ adjusted to the 
\esical content at the time riinical obber\ations al'jo indicate that the 
flow of urine mav be \oluntaril\ interrupted with a similar lack of dis- 
comfort following surgical destruction of the internal sphincter In aiew 
of these facts, it must be assiuncil that the change in the beha\ lor of the 
detrusor muscle is brought about rcfle\lN b\ afferent impulses arising 
either in the internal or external sphincter or the lmplllst^ which interrupt 
the process of micturition arc integrated at lugher ie\ els and both the 
detrusor muscle and the sphnicters rceene impulscb siinultaneousI\ from 
the^e le\cl3 Ihe latter hypothesis obMousl\ is the more attractne 
According to Denn\-Brown uid Robertson (1033) the yoluntar\ control 
of micturition IS “effected solely b\ yariation in yoiuntary md unconscious 
inhibition of the mechanism of spontaneous reaction to distention ” If 
any hypothesis of this kind be accepted the concept of micturition as a 
purely reflex rciction must be limited to mfuicy \oIuntary control of 
micturition undoubtedly is ficilitatcd b\ a nornni functional balance of 
the sy mpathetic and parasy mpathetic nery cs True enuresis iccording to 
BKer (193S), probably inyoKcs hy pcrirritability of the parasjanpathetic 
innery ation of the bladder 

Reflex micturition is mediated througli tenters located m the sacral 
segments of the spinal cord 1 he reflex centers for inhibition of the detrusor 
muscle and contraction of the internal xe^icd sphincter are located in the 
first and second lumliar segments of the spinal cord fliesc centers recei\ e 
impuhes through afferent neryes from other pirts of the body ns yyell as 
from the urinary hhddcr md its outlet including tlie splnncter meclian- 
isms consequently micturition ma\ be facilitated or inliibited by stimuli 
effectiye in widel} separated areas Reflex responses of the bladder are 
elicited with grcitcr facility by stimuluion in certain areas than m others 
Head and Riddoch (1917) described automatic emptying of the bladder 
m patients with extensne spinal lesions, as part of a mass reflex which 
could be eyoked bj stimulation of the lower extremities or other parts 
below the leyel of tlic lesion Holmes (1933) has taken exception to this 
interpretation and has pointed out tint the myoluntary micturition yyhich 
not mfrequentlj is associated yyith spasms of tlie lower extremities m 
patients with spinal cord lesions is not the direct result of stimulation of 
the lower extremities but is due to the associated spasm of the abdominal 
yyall which, by increasing the intra-abdominal pressure suddenly increases 
the tension on the bladder musculature Acconling to his obsery ations on 
patients yyith transyerse le<5ions of the spinal cord the contractions of the 
bladder did not occur simultaneously yvith the spasm of the abdominal 
^all but after an inten al suggesting that the oy erfloyy of impulses into 
the micturition center did not take place iinmediateh The more y igorous 
contraction which expelled the contents of the bladder usually yyas pre- 
ceded by a short senes of oscillations of pressure In patients m y\hom 
he site of the spinal cord lesion yy as so low that the reflex excited m the 
^'er extremities did not spread to the abdominal muscles, spasm of the 
was not accompanied b\ exacuation of the bladder Lang- 
^orthj (1939) described a ‘mass reflex associated yyith yoluntarj mic- 
ing spinal cord injury After reflex micturition became estab- 
ed, m the case reported, impending micturition was accompanied by 

* espread myoluntary moyements of the lower extremities including the 
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toes 'Ihe Tniiscular contnctions were as‘w>cntc(l \\ itli cramp-likc p-iins jn 
the contr'ictinp muscles and the urethra ‘Micturilifm amid be induced bj 
stimuhtion of the pcnncal region but ileh\c<l !)> holding the toes m 
extension Sclilcsingor (1033) emphnsiml tlie importince of stimulating 
the anterior abdominal wall b\ percussion nr rubbing in order to chcit 
reflex contraction of the dctnisor muscle in pntunts njthout spina! cord 
lesions m ^\hoTn complete txacmtiou of the bladder is ildncult If the 
first reflex response dot s not result in toinp)ctcl> cmpt> mg the bladder, the 
re/lcx mat he elicited a second and n third tune after ‘<hort intcrcening 
interN als 

A fnnk lesion of the brim or sptmd coni mnj result m complete icsical 
paraUsis Ketcntion of unne, m such cases usiialK is accompanied b\ 
overflow incontinence If the Jtsion is locatwl nl>m e tlie lumbar segments 
of the spinal coni, cutaneous stimulation, particularlj m tbe anterior 
abdominal area, inaj elicit reflax micturition If tbe paml>MS is associated 
iiith a complete transcerse lesion of the apmal cord, periodic emptjingof 
the bladder inaa gradualK liectmic automatic after several weeks, unless 
complications, sucli ns c\ stitis or pi clitis, hai e set m 

In cases in iiliich a spmal cord lesion causes acute panljsis of the blad- 
der but leaves tlie svmpatlietic patbuavs intact nnd does not rompletelv 
destroj the parasianpatbcticpathwavs a condition ma> develop following 
the acute phase, vvliich is known as “cortl bladder ” Unnan retention w 
not complete m tins condition and is not nccornpantcd bv incontinence 
Section of the hvpogastnc nerve, in such eases, ma.v be followed bv in 
creased tonus of tlic detrusor muscle nnd reduction m the residual unne 
(Learmonth 1030) Par isnnpathctic stimulation also mav Iks beneficial 

The “otoDic bladder ’ of cluldhood, which not uncom)nonl> is associated 
w ith malformation of the sacral portion of the spmal cord usuallv exhibits 
an atonic detrusor muscle without dilatation of the sphincter, due to 
defective paras^anpathetic mnenation, which renders establisliment of a 
proper functional balance between tlie sjanpatlictic and parnsjanpathctic 
nerves impossible 13ucv cini (1937) rcportwl such a case in winch section 
of the hvpogastnc nerves was followed b> marked improvement m bladder 
function which Ivad been maintained for three vears Relaxation of the 
sphincter was regardetl as the important factor m the improvement in 
bladder function in this case 

Bladder Sensibility ^Althougli tlie mteriial sphincter is composed of 
smooth muscle, it probablj receives its afferent innervation at least in 
part through the pudendal nerves As stated above Learmonth (1931) 
regarded relaxation of the internal sphincter and the accorapanving con 
traction of the detrusor muscle as the mechanism of v oluntarj micturition 
Experimental and clinical evidence suggests that both contraction of tlie 
detrusor muscle and relaxation of tbe internal sphincter play a part in tbe 
urge to \ oluntnrv micturition The sensations inv olv ed are not all of the 
same qiiahtv Indefinite sensations referred to the region of the bladder 
but not definitely localized probablj result from impulses arising m the 
bladder musculature wliile the more acute sensations which can be more 
or less definitely localized at the neck of the bladder are brought about bj 
afferent impulses arising in that region (Muller, 1924) By virtue of the 
physiologic character of the parasympatlietic fibers distributed to the 
internal sphincter muscle, contraction of the detrusor also tends to bring 
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about reflex rel'ix'ition of tlie mtcrn'il sphincter Lnder these conditions 
eraptMng of the bladder can onl\ be preaented b\ ^ollmta^^ contraction 
of the external sphincter If the external sphincter holds a short period 
of rest usualK ensues during ^\hich the detrusor muscle relaxes somewhat 
and rehe\cs the intra\esical pressure If the bladder is not \oluntaril\ 
emptied stronger contractions of the detrusor muscle set m and, if the^ 
succeed in pressing a fe^\ drops of urine into the urethra the impulse to 
micturate becomes irresistible and reflex micturition takes place If the 
external sphincter mechanism withstands the pressure produced bN re- 
peated contractions of the detrusor muscle this muscle maj become 
inactne so that soon after the urge to micturitc was at its maximum 
strength spontaneous micturition htcoines inip<»ssible 
According to Scliwart? (19^0) \oluntar\ micturition is preceded b\ a 
sudden increase in mtra\csical pressure He regarded this as the cause of 
the emptMng reflex 'Muller (1924) regmltd it as the hcgmiung of the 
emptMng process lie pointed out that increased intra\esical pressure 
alone docs not gi\e rise to a flow of urine under plnsiologic conditions 
but that the prnnar\ cause of mictuntion is distention of the bladder w all 
According to I)enn\-Brown and Uolnrlson (1933) the bladder reacts to 
distention h\ contraction of its musdilature Hus is an adaptive process 
vvhich docs not intrude upon consciousness until the intravesical pressure 
reaches a certain lev cl and the activ e v esu il contractions re ich n threshold 
mtensitv hevond which thev give rise to stnsitions Passive distention of 
the organ also gives ri'ic to sens ition It is apparent therefore that sensa- 
tion IS onlv mdircctlv related to intravcsuil pressure since even slight 
enlargement of the organ iinj lower the threshold at which added sponta- 
neous active contractions can produce se/isation 
According to rrolihch and Mover (1922) tiectneal stimulation of the 
fundus of the bl iddcr gives rise to aflerent impulses mediated through the 
pelvic nerves which result m painful sensations Similar stimulation in 
the region of the sphincter giv cs rise to afferent impulses mediated through 
the pudendal nen e which also result in p uiiful sensations These results 
afford definite information regarding the afferent pathwavs of impulses 
arising m circumscribed areas of the bl iddcr but afford no unmistakable 
clues regarding the pathw s of iffercnt impulses w Inch result in the desire 
to micturate 

In Dennig s experiments, marked distention of the bladder bj filling it 
through a catheter resulted in uneasiness on the part of the animal If the 
distention elicited reflex contraction of the bladder musculature the animal 
exhibited increased uneasiness until the liquid began to escape along the 
catheter and the internal pressure was reduced Section of the pudendal 
nerves had no apparent effect on the uneasiness manifested bj the animal 
<ne to artificial distention of the bladder Wien both hvpogastnc and 
pelvic nerves were cut, leaving the pudendal nerves intict the uneasiness 
^anifested bj the animal was much less marked Following section of all 
^ to the bladder the animal no longer manifested uneasiness 

cgardless of the extent to winch the bladder was artificiallv distended, 
erefore it maj be assumed tint cither the pelvic or the hvpogastnc 
the major role in the conduction of afferent impulses which 
su^ ^ the urge to volimtarv micturition Tins function probablv is 
'served mainlv bj the pelvic nerves, but dmical observations indicate 
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THE MALE SEX OEGANS 

Anatomic Data —Extrinsic Nerves — 1 he tcsti'^ rccti\ cs its injicr\ ation 
througii the spcnnatic piucua v,hicli n!^ constitutes the major portion of 
the ner\ e 5uppi\ of the spermatic cortl The spermatic plexus is dcn\ cd 
mainlj from the aortic plexus hut also rcccitcs fibers from the renal 
plexus It inNcsts the spermatic nrtcr\ throughout its course and com 
mumcates Viith tlic hjpogaatric plexus on tlic Io^\cr part of the ductus 
deferens The prcRsnRlionic and Msccnl alTcrcnt fibers imohed m the 
s^inpntlietic innervation of the testis in man arc components of tlic tenth 
and higher ihomcic nerves Some of the alTcrcnt fibers, according to 
Mitchel (103S), enter the •ipmal cord ns liigli as the sixth thoncic sipnent 
Ihc afferent fibers supplving the cpidulvmis resell the spinal cord inainh 
through the eleventh and twelfth thoncic and fin>t lumbar nerves In the 
cat and rabbit, according to Langicv ami Amleison (1895), tlie pregangli- 
onic and visccnl afferent fibers m\ol\c<i in the svinpatlictic innervation 
of the sex organs arc components of tlu second to the sixth lumbar nerv es 
The nerve supplv to the seminal \csiclc and ductus deferens ts derived 
from the hj'pogistnc plexus Tins plexus gives ri^e to a subordinate 
plexus which supplies the seminal xcsiclt and continues along the ductus 
deferens ns far as the cpidubmia Tlie epididymis receives fibers from 
botli the hjivogastric and the spermatic plexus 
Tlie prostatic plexus is a rclativclv large plcxiform structure lying on 
either side of the prostate gland It includes botli •^vanpathctic and para 
svmpatbctic components The former arc derived from the hvpogastnc 
plexus, tlie latter from the sacra! parasvmpathctic outflow In addition 
to supplying the prostate and the prostatic urethra the prostatic plexus 
gives rise to tlie cavernous plexus of the penis The latter plexus gives 
rise to nerv es which supplv the corpora cav ernosa penis and, commumcat 
mg w itb branches of the pudendal nerv es, sends nrai to the corpus cav emo- 
sum urethne and the penile portion of the urethra The retractor muscle 
of the penis, which occurs in manv mammals, derives its nerve supply from 
the same sources as the smooth muscle of the urethra (Langley and 
Anderson 1895) 

The glans and skin of the penis arc supplied exclusiv elv tlirougli branches 
of the dorsal nerve of the perns which arises from tlie pudendal nerve and 
consists of fibers derived from the third and fourth sacral nerves The 
compressor urethra? and iscliiocavemosus and bulbocav ernosus mu'scles, 
r c , the voluntarv muscles employed m the net of ejaculation, also are 
innervated through branches of tiie pudendal nerve Vasoconstrictor 
fibers derived from the hypogastric plexus join the pudendal nerve to be 
distributed through its branches to the blood v essels of the penis 
Intrinsic Nerves —The spermatic plexus is made up mainly of unmv elm 
ated nerve fibers but includes some myelinated ones In the spermatic 
cord, it giv es nse to numerous slender fiber bundles which are more or less 
< 304 ) 
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closeK associated \\ ith the blood \ csscls Slender fil iments deri\ ed from 
the «pennatic plexus become associated with the ductus deferens and join 
the plexus on this duct Farther distaluard ner\t fibers become asso- 
ciate iMth the ductus epididainidis and suppU the thm laaer of smooth 



illustration of the tnner>»tion of the male ex organs Dotted Imc 
lino. , j* *^®^®'3rospmal fibers double lines indicate sympathetic ncr%es hcav-j black 

nes indicate parasympathetic ner>ea 


uscle m the v, all of this duct Slender rami also occur among the ductuh 
sun^l*^^lk these are closeI\ associated ^ ith blood a essels but also 

H.. * ' hhers to the ^ er\ thin la\ er of smooth mu'scle in the alls of these 
'^^cts(Kuntz 1919) 
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The distribution of ncr\ l fibers in the testis 1ms bee n described bj manj 
in'cstifintors 1 ct^tritb (18f»S) claimer! to lm\e traced fibers from nenes 
liing in tlic conncitivt tissue In-tnitn tfit stmimftrmis tuliulcs through 
the mcmbrmii proprm to tlitir tcnnumtions on «!Is m the deeper hjers 
of tbc seminid tpitlieluim lUt/uw (ISOt) could not substantiate this 
findiiiR 'Jimofeen (1801) n bo stndicrl tbc distribution of none fibers m 
the spcnnntie coni unil testis in \nrions irtiimmnis (nbbit, Ruinc'i pig rat 
cit dog), <lt scribed a rich plcMis nssocintcd with the blootl \cs<»c!3, ductus 
deferens and ductus cpididsmndiH He niso obstrscel ncr\c fibers m prox- 
imit\ to tile semmifermis tubules but found none which penetrate the 
intmlirum proprm lie reganlcel the ntrte fibers on the surface of the 
seminiferous tuhuk*s ns fibers winch snpplv Mnill hlooil \esstk Caxalie 
(1002) dcscnbisl n ricli pk\us «f none fibers nssocmtcsl with the Wood 
ccs«cls nnd semmifermis tubules in prcpiritions of the te-stw of the fowl 
and rabbit au<! dcicnbesl fcnnitial nrlmrirations of these fibers among the 
cells m the tlwiicst laxtrs of the simiinl tpillithum nnd m the nbbit 
about the epithclm! tclU in the eluetiis eptejidunidis IxuscI (1902) also 
dcscrihcel nerve fiber tennmations on Imth spermntogeme nn<i susten 
tneiilar tells m the dt'tp lav ers of the sciniiml cpitbrliiim 
In n stiidv of the innervation e»f tin testis of tlie elog bv the use of the 
pvnehnc-sdver method Kuntr (1919) fouml nerve-fiher bundles m prox 
imitv to the vessels m the mexlmstmum testis and m the connective tissue 
between tbcscniiriifenius tubules but none which pent Into the menibrana 
proprn Antvhuistive search also fndeel to rtve^n! iinv nerve fibers> which 
terinimto in rclitwm to the mters>titnl sccretorv cells 'Hie general dia 
tnbution of nerve fibers in the te*stis seems to be elctermmoel bv the dw 
tributioii of the arteries and veins \rt isof conneetne ti>suc between the 
seminiferous tulnilca winch eontaiii no hlooe! vessels except capillaries con 
tain verv few nerve fibers Thc^c unelowbtcdiv are associated with the 
capillaries Plne^ and Mnmmn (1927) also failed to find nerve-fiber 
terniiintions in tbc scnninl e{Mthehiiiii lluv described end knobs in 
cont let with the walls of the senimiferous tubules but obtained no evidence 
that nerve fibers penetrate the membrana proprm llitv also described 
tenninations of uminclinatcd fibers nmoiig tlic intcrstitnl sccretorv cells 
which tlitv regirtleil ns tlic terminations of sccretorv fibers and end bulbi 
m the connective tissue but not m rclition to the blood vessels winch the) 
regarded as sensorv m function OkkclsamlSand (1941) found thehunnn 
testis more ihundantiv innervatcelthui previous studies indicate Accord 
mg to their report the interstitial sccretorv cells are abundantiv innerv ateo 
throvf’h fibers w Inch eifeet direct contacts w ith the sccretorv cells 

In view of the mimerous negative findings and the nv aihble phv siologicai 
data ehrect innervation of the seminal epithelium and the interstitial 
sccretorv tissue must be regarded as evtreineh doubtful in spite of the 
few positive findings to the eontnn 

riie tuniei dbugima and the tunica vasculosa are abundantlj innw 
vateel Numerous nerve fiber bundles are intimiteh associated wim the 
blood vessels, others show no apparent relation to the blood vessels Manv 
components of the latter and some of the former imdoubtedlv are afferent 
Iheprostatic plexus the plexus on the seminal vesicle nnd the cavernous 
plexus of the penis include sjmpatlietic, pansvanpathetic and afferent 
components In the fatt> connective tu^ue between the prostate gland 
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and the semm'il \ esicle occur niimcroiis \ cr\ sninll flattened pangln <;ome 
of Tvhich art incorporated in the prostatic plexus others in the plexus on 
the seminal ^eslcle Ner\t fibers mix betnea! from tlicse plexuses into 
the prostate gland and the seminal xesitlc Sni ill ganglia also occur m 
theeaxernous plexus of the penis \onc Inxe been found in the plexus on 
the ductus deferens 1 he neurons m the •♦m ill g iiigli i m these plexuses are 
relatixeh small and exhibit numerous short ilendntis whicii m general 
terminate within the tell cipsulc In this rt'.peet thex differ from the 
raajoritx of the neurons m the ganglii of the sMupithctie trunk ^IuIlcr 
and Dahl (1^12) xxerc inclined to rtgird tlum is neurons of a distinct 
txpe, although the ganghi of the sxmpathetu trunk nho contnn some 
neurons xvhose dendrites do not pcnetnti tlu cell t tpNiile Inisinuch as 
some of the dendrites of neurons in then ''innll gmglii pint trite the cell 
capaule, there seems to he no adequate rcison to rig ml them as i distinct 
morphologic txpe Ilux proliablx fill xxithin tin ringt of normal morpho- 
logic xariation of autonomic neurons \o guiglioii iclls hixt bicn found 
within the prostate gland or tlic scininil xiMih Doth in penetrated bx 
unmxehnated and inxehnatcd nerxe fibers but the tcrmmitions of tiiese 
fibers haxe not been described 

The nerxes xxluch arise from the caxirnous pKxus of tlic penis contain 
relatixelx fexx inxchnitcd fibers In addition losupplx mg the membranous 
and penile portion of the urethra tlux dso supplx the i)lood xisscls and 
smooth muscle of the corpora cixernosi pmis tin corpus cixernosuin 
urethre and the skin of the penis 

Sense organs m tlie glans poms liaxc bttn diMrihctl l>\ numerous in- 
'estigators Ihex occur m eonsiderihlc ibuiuhncc m both the superficial 
and deeper J M ers of the chornirti Ificx lnx< bun x inoiislv regarded is 
similar to Pacinian corpuscles, cud bulbs of IxnuM uni sense organs 
^hich are ch iractcristic for the extern il gcnit il org uis \\ liih thex exhibit 
a xxicle range of x ariation m x irious in iinin d^ tin x probabix do not differ 
in anx essential respects from tiie cutincotis smsc org ms found in otiier 
parts of the hnclx Tiiex are connected xxith tin tcriminl hr inches of 
atierent fibers xxhich are incorpontcd in the dors d iierx t of the jienis and 
spinal coni through the pudend il nerx c 
Physiologic Data —Effects of Sympathetic and Parasympathetic Stimula- 
on ~Our knoxx ledge of the role of nerx c impulses in the regul itorx control 
the functions of the m ile sex organs is h i^cil in unlx on the findings of 
physiologists Recent inx cstigations hax c added much to our knoxx 1- 
th^t general phx siologx of the m ilc reprodiictix e sx stem but little 
at bears directly on tlie role of nerxous ngulation m the functioning of 
this sxstem 

j^Bhdp ( 1858 ) obserxed that electrical stimulation of the communicating 
of^g 1 'tnd fourtli lumbar nerxes in the ribbit elicits contnctions 

g ^.^^‘^tis deferens xxhich arc propagitcd from the testis toxxard the 
hxm”^ Stimulation of the infenor mesenteric ganglion or the 

nerxes elicits the same reaction of the ductus deferens but 
fortl!^ the aortic plexus abox e the inferior mesenteric ganglion calls 

,njpoj.P° ^^hction of the ductus deferens Ihese findings established the 
ductus^? V that the spinal center through xxhich motor actix ities of the 
spmv.« ^^terens and seminal xesicle irc mediated is located in the lumbar 
hts of the spinal cord 
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r ckimrdt (1803) found tlmt electncnl stimulatron of the \ isccral ranu of 
the sacral iicr\cs in tlic dog elicits erection of the penis He, therefore 
dc^i/pintcd these raini tlic ‘ nern ententes ’ He could elicit no reaction 
of the penis b> electrical stimulation of the pudendal ncr\e hut observed 
that incclnnical stimulation of the plans no longer results in erection of the 
penis following section of the pudendal nerve He also failed to bring 
about erection b\ punful stimulation of the central end of the severed 
pudendal nerve These findings estahlislicrl the important role of the pelvic 
nerves m tlic process of erection and suggesterl the rtile of the afferent 
pudendal fibers in erection c!icifc<l hv atiraulation of the plans 
Nikolskv (1870) obsened tlmt section of the nervi crigcntes is followed 
b> contraction of the bloo<l vessels in the penis and that electrical stun 
uhtioii of the peripheral ends of these iicrv es elicits dilatation of the blood 
V cssels and filling of the sinuses in the erectile tissue I rank (1895) also 
obscrv cd v asodilatation of the penis in response to stimulation of the nervi 
crigcntes He also determiner! cxpcrimentnll> tlmt thefibers which join the 
pudendal nerv e fniin the hv pogastne plexus exert a constrictor effect on the 
blood vessels of the penis 

Mislavvskv and Ilonnann (1898) observer! that in addition to their 
motor effect on the musculature of thcducti deferentia and seminal v csicles 
the hv pogastne nerv es also exert n true secrctorj influence on the prostate 
gland Certain experimental rlatn reported bv Mislawskv (1927) indicate 
that the prostate receives both scerctorv and inhibitorv fibers In man 
according to Ixiarmonth (lOJl) stimulation of tlic svmpaUictic nerves m 
the pclv IS results in the expulsion of semen from the cjaculaton ducts, due 
to contraction of the musculature of the scromn) v esicles and expulsion of 
secretion from the prostatic ducts due to contraction of the smooth 
muscle which permeates the prostate gland 
According to Imnglov and Anderson (1895), stimulation of the lumbar 
communicating rami or the lower lumbar sjanpathctic trunk m animals 
(rabbit cat dog) results in constriction of the blood v cssels in the penis as 
well ns contraction of the retractor penis muscle On the basis of their 
experimental results thev concluded tlmt the preganglionic fibers involved 
in vasoconstriction in the axtcmaJ genitalia ore components of the upper 
lumbar nerves Thev found no satisfactorv evidence that the lumbar 
nerves contain vasodilator or inhibitorv fibers for the external gemtaha 
Following section of the lumbar nerves or extirpation of the lower lumbar 
portion of the sjanpathetic trunks, mild erection maj come about due to 
the removal of the v asoconstnetor influence of the hj pogastne nerve 
Langlev and Anderson like various other investigators, also confirmed the 
finding of Budge that stimulation of the lumbar nerves elicits contraction 
of the entire musculature of the ducti deferentia and seminal v esicles 
Spina (1897) observed erection and ejaculation in the absence of stim 
ulation of the genitalia m a gtimev-pig following transection of the 
cord in the low er thoracic region He also obscrv ed that if the spinal cord 
IS destroyed in a guinea pig bj passing n slender rod downward through 
the V ertebral canal, ejaculation without erection is elicited when the end of 
the rod reaches the lumbar region , , 

Muller (1901) reporteil the results of experiments m which dogs which 
had been subjected to extirpation of the lower lumbar and sacral portions 
of the spinal cord, in spite of the paraljsis of the posterior portions of the 
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bod\, exhibited erection in response to appropnite stimuhtion Pressure 
on the abdomen A\hich resulteii in empt^ ing of the bladder in these dogs, 
albo resulted m reflex erection of the penis Likcw isc reflex erection could 
be elicited bi direct stimulation of the gl ins or sliaft of the penis but none 
of these stimuli elicited ejaculation 

Although the genital organs nornialli art subject to regulator} influences 
through the autonomic ner\ es samipathctic denerx ation of these organs 
has no marked effect on their functional actn it\ txttpt in the preiention 
of ejaculation due to paraKsis of the smooth muscle of the seminal 
\esicaU and the ejaciilator\ ducts Acconlmg to P iccj and Brouha (1932) 
svinpathetic denerx ation of the gtiiitd orgins in male rats, guinea- 
pigs and rabbits has no mfluence on piibirt\ or tiu intern il and external 
secretor\ actiiiU of the testes Tliest orgins ilso rtimm sensitive to the 
antenor pituitan hormone The changes which take pi ice in the genital 
tract, particularl} the seminal xcsiclcs according to liacq and Bronha 


are more marked following cxtirpition of tlu hvpogistnt ganglia than 
following extirpation of the abdominal svinpithitic trunks 
In experiments reported bv I arrcll and I vinui (1937) stimulation of 
the hjpogastric nerv es in the dog resulted in intreiscd secretorv activitv 
of the prostate gland and wave-like contnctioiis of its t ipsule btimuh- 
tjon of the pelvic nerves rcsultcvl m m irkisl <<>ntriction of the musculature 
in the stroma of the prostate but cniiscil no increase m the secretorv 
Wtiv It} of the gland Administration of ndriiim pdoeirpine nicotine or 
wetvlcholine resulted in increased prostntu secretorv ictivitv On the 
basis of these findings thev concluded tint tlu secretorv fibers to the 
prostate are cholinergic components of the s\ inp itlu tic ner\ cs 

Regulation Through Centers in the Spinal Cord -Ihe results of 
animal experimentation cited above clcarlv indicate tint reflex erection is 
mediated through centers in the lumbar aiul sacral segments of the spinal 
cord and another in the lumbar spinal cord which mcdiites reflex ejacula- 
tion There is no conclusive evidence that cither the erection or the 
ej^aculation reflex can be earned out through the plexuses associated with 
me genital organs alone either in the intact inim il or follow mg destruction 
the centers m question Erection imv be brought about b\ psvchic 
stimulation follow mg destruction of the sacral spinal cord but not follow mg 
destruction of the lumbar cord It must be assumed tlierefore that the 
efferent impulses involved in bringing about erection due to psychic 
stimulation, m the absence of the sacral center, are mediated through the 
umbar center and the vasomotor nerves to tlic cavernous bodies 
mi? available, tlic existence of a sacral center which 

^'■ection and a lumbar center which meiliates ejaculation mav be 
egarded as established The lumbar center under certain conditions 
mav mediate erection but ejaculation cannot be mediated 
^ough the sacral center Reflex erection and ejaculation can onlv be 
'earned out through these centers 

“■The act of erection involves engorgement of the cavernous 
%hiTJ” penis, particular!} the corpora cavernosa In mammals 

'en» possess a long os penis according to Devsach (1939), the 

simil w the cavernous bodies possess thick muscular walls 

vein-fv.^^ of arteries Ivlost of the numerous side branches of these 
e V er} thin w alls w hich extend through all the la} ers of the thick 
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^^nll of tlic \tm (small slmcc cintmcls) The othen c.x!iiint the tj’picil 
hibtoloRitnl stmcUirc of \ems m other tissues (large sluice clnnncU) 
When the arteries uhicli supplj the crcttilt tissue dilate, tlius permitting 
more hlood to flou into the cn\emmis IkmIils, a mild state of trcction is 
pmduced ulijtli mnv he called ‘‘artonal cnction ” Compression of the 
\ein8 uhuh <inun the caxirnoiw IkwIics also results in u milil state of 
(.rcctiou ^^hlth maN lu. i idled "\tiious trcction " I rection of cillicr of 
these t\pes ina\ he adequ ifc for copulation in mammals vsluch possess a 
long os ptms I rectum \\liich is ndwjuatc for isipulitum in mammals 
dt\oid of a long os penis rcipurts tlosurt of the sluice sale cs ulnch consist 
of the thick nails of tlu sena? pmfimdn and the small shnee channels The 
reactions of tlusc M'sscIs arc delcnnmwl m part In none impuhcj and in 
part h\ meclnnicul factors 

Lrcction ma\ ht hmuglil tdmul ns a purclv reflex reaction or as a result 
of ps\ clue stimulation It is luediatcil iininlv timmgli tlic paras>inpithctic 
ncr\t3 Tilt normal umcr\ation of the castrnous tissue particular!) that 
of tilt 1 ascnlar musculatnrt includes si mp ithctic neri e fillers Tlie latter 
art not essential for cngorgtmtnt of the ca\tmous IhhIics since erection 
inaN take place following sMiipnthctic dcncrsntion of the penis SsTupa 
thctic stunvilation gcncmll) ttmls to inhihit erection due to limitation of the 
soluinc of hlood which uhn flow into the cavernous liodies liv constnction 
of the arterioles Ddntatinu of the arterioles cximcidcs with inhibition of 
the smooth muscle m the walls of the venous sinuses and p-vrtiil closure of 
their outlets tlirough the small sluice channels Tins partial closure 
undoubtedlv involves mtchanical factors brought into phv bv the rapid 
rise in pressun within the cavernous liodics According to Henderson and 
Roepke (1933), erection does not im olv c compression of the cfTerent v eins 
bv the action of skeletal muscles Imt the i>chineav emosus and hulbo* 
cavtrnosiis museks iindoubttxllv pine a role m tins motion Rcmovalof 
the jscbiociv trnosus and bulbocnv crnosiis m«^clc3 in dogs, m experiments 
reported bv Lowslcv and liras (193G), resulted m inabilitj to perform 
effective copulation Shortening of these muscles bj plication on tlie 
contrarv, resuUetl m increased sexual activitv Excessive shortening 
resulted in priapism Tbev also reported rebel of impotence m man m 
certain cases, follow ing plication of these innscles 

Under normal conditions engorgement of the cavernous tissue subsides 
as soon as the stimulation which causc<l it ceases If ejaculation takw 
place, erection coininonlv subsides promptlj since the stimulus which 
elicits contraction of the seminal vesicles and the ejnculator) ducts also 
elicits constnction of the arterioles m the cavernous tissue, thus relieving 
the turgor Since all the smooth muscle in the penis reacts m the same 
manner the organ inav be reducetl temporarily to less than its normal size 
In animals in which the penis is provided with a retractor muscle, the 
reflex reactions associated with ejaculation include contraction of this 
muscle, resulting in retraction of the organ In experiments on wts 
reported b> Oppenheimer (1938), the retractor penis muscle contracted m 
response to either sympathetic or parisjanpathetic stimulation 

Contraction of all the smooth muscle m the penis maj be associated 
with psvchic states which counteract sexual desire c g , disgust or fear, or 
b) cold applications to the skin of the organ or adjacent areas, including 
the upper portions of the thighs Temporarj contraction of tlie penis not 
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uncommonlv occurs during a cold bath Mild engorgement of the erectile 
tissue miN be elicited b\ arm applic itions or b\ i w ann bath 
The duration of erection issociated ^\lth sexual excitation is determined 
in part b\ the reactu it\ of the reflex mcchanisins emplo\ ed and in part bj 
ps\chogenic factors Prolongexl, continuous erection (prnpi»m) must be 
regarded as pathologic 1 his condition not uneommonK is associated with 
local irritation injura to the cuernous tissue liukcmn or a lesion of the 
spinal cord In certain cases it is psaehogenic 
In the absence of anatomical bimers which preaent the normal outflow 
of the blood from the caaernous bodies maintained engorgement ma\ be 
due to excessiae parasainpathetic stiniul ition Ihe elimeal obser\ation of 
Paas (1934) that extensiac bilaterd lumbosicnl svinpathectonn failed to 
relieae persistent priapism seems to support this issumptiou llescction 
of thecaaernous plexus undouhtedK uotiM rtlieac pnipisin of neurogenic 
origin but it would also result in imjxttcfuc fhcrapeutic measures 
designed to depress the parasxTnjiathetie reflex Int(hlm^ms and appro- 
priate psachotlierapa obaioush are mdu UkI m the tn itment t>f priapism 
Impotence of neurogenic origin ina\ be jisxchot^tnic or due to saanpa- 
thetichaperrcactiaita or liaporcactiait' <»ftht rtfh x mccli imMiis tmploaed 
m the act of erection In cases winch f ill aaitlnn the fl^^t citegora appro- 
priate psachotherapa is indicated Ihc mhihitora eliict ol sainpathctic 
stimulation on erection is eaidenceil b\ tin fact tint emotion i! states 
characterized ba strong saanpathetic ext it ituni iinl tin. administration of 
adrenm tend to inhibit this reaction In c ISC'- «>f fiinctioinl ainle impo- 
tence, as reported ba Pendc (1937) bilatcnl lumbir s\anpithectonia avas 
followed bj marked improacincnt in creetions ilthongii the ibihta to 
ejaculate aaas lost T he spinal center tlmnigli which inhibition of erection 
IS mediated according to Dcakin (103S) is lot itcd it » lower lead than 
the ejaculatora center He reported erection w ith cj icnl ition m dogs fol- 
low mg bilateral section of the low cr liimb ir sa inp ithc tic nera In a lear 
of these findings it seems not improbable tint m nnn the neraes through 
which erection is inhibitcKl could be interrupted aaithout damage to the 
cj^aculatorj mechanism In cases of iinpotenec due to In poreactia ita of 
the reflex mechanisms emploaed in erection pirisampathetic stimulation 

is indicated 

Ejaculation — Fjaculation is not a ncccss ira acxompanmient of erection 
tn normal healtha mclia iduals in the w aking st ite the discharge of seminal 
nid normalla is elicited onK ba stimulation of the gluis This reaction 
in a large measure depends on the qu ilita of the stimulus Simple contact, 
^ectrical or thermal stimulation or pain usuallv do not elicit ejaculation 
ne adequate stimulus seems to be gentle fnction particul xrla of the moist 
Rans Ihe necessara duration of such stimul ition depends on conditions 
nnecting the mdn idual such as his general pin sic il condition age, psa chic 
'lutabihtv and the secretora content of the sex glands 
Circulation IS essentialla a reflex reaction Afferent impulses arising in 
c sense organs m the glans are conducted to the spinal cord through 
of the pudendal neraes The efferent impulses maolaed arise 
he upper lumbar segments of the spinal cord ind traxerse the lumbir 
gji^J^^^hng rami and tlie liapogastric neraes Tjacuhtion cannot be 
Sect ^ , ^®”ing extirpation or destruction of the lumbar spinal cord or 
of the sjTupathetic nera es to the pela ic organs 
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Innsinucli ns stimulatioti of the ginns, under nonnal conditions, must l>e 
continutd at least for a short intenni in onlcr to elicit ejaculation, this 
reaction must iii\ol\t tlic summation of impulses, «lnch probabli occurs 
m the cjaculators center in tln^ lumbar spinal coni ^Mien such summa 
tion has reached the tlireshold Ic'tl, n sudden discharge of efferent im 
pulses takes place wlucli calls forth sudden contraction of the smooth 
inustulature of the entire interna! sexual apparatus resulting m the pro- 
pulsion of seminal fluid into the urethra '11ns m turn elicits reflex 
contraction of the striated constrictor iirethnc, bnUK)ca\ ernosus and ischio- 
caNcrnosus mn-'cles which brings nlmut the expulsion of the seminal fluid 
from the urethra 'Ilie ejaculalon net consexpientl^ is completed bj the 
reflex contraction of voluntarv muscles Premature ejaculation is coin 
inonh assoeiatcel with liNperimtnlulitx of the reflex me'chnnisins cmploeed, 
dehjc<l ejaculation witli h\iKnm{n!»ilit\ of these mechanisms In certain 
cases either premature or <lela^ «! ejneiilntinn maj be psj chogenic 

Tile diiichnrgi of scmimd ffunf max take place during sleep (nocturnal 
emission) m the absence of spectflcstimiitation of tbeglans Ihc adequate 
stimulus mxohcd m nocturnal emission is unknown It lias been generall) 
assumed that erotic dreams constitute nn important factor m this reaction 
Similar psxchic manifestations during the xxnkmg state at least m hcalthj 
mdixidimls, howexer, do not cdl forth the discharge of seminal fluid It 
maj be assurnoel that certain mhihitorx influences which prexent tins 
reaction to psxcluc stimulation eitinng the waking state ore not cffcctne 
during sleep On the otlicr hand erotic dreams m some instances probablj 
are a conscfiucnee rather tlinn the cause of nocturnal emissions fliat the 
discharge of seminal fluid during sleep as well ns during the waking state 
gixes rise to afferent impulses which result in psjchic manifestations is 
certain Possibh, erotic dreams nssociatcil with nocturnal emissions are 
to be regarded onlx as t!ie outcome of such psxohic manifestations It 
seems higlilx probable that the discharge of seminal fluid max be called 
forth refle-xl) during sleep b\ the stimulus nffonlc<l bx internal pressure 
particularlx in tlie scinma! xcsiclesand prostate gland, due to the nccum 
ulation of seminal and prostntic secretion fhe data oxaiinble at present 
do not affonl nn adequate basis for the complete understanding of this 
sexual phenomenon 

The Sexual Orgasm —The sensations imrat*diatel> associated with ejac- 
ulation constitute the sexual orgasm Tliex arise simultaneouslv with the 
initiation of the peristaltic contraction of the ducti deferentia fhe begin 
nmg of the orgasm, consequentlx, precedes the expulsion of the seminal 
fluid from the urethra bj a short intcrxnl 

How and where the sensations which constitute the sexual orgasm ari«e 
IS not definitclj known It has been assumed that the afferent impuhea 
inxolxed arise m the genital organs ns a result of the contraction of the 
smooth musculature mx olx ed m the ejaculation reflex Learmonth (1931), 
howexer, has reported that male patients, following section of the sjanpa 
thetic nerx es to the peix ic organs, are still able to perform the sexual act and 
experience a psychic orgasm which is indistinguishable from the normal 
although ejaculation does not take place The afferent impulses mxolved 
probablj are conducted into the spinal cord mainly bj xisceral afferent 
fibers and reach the appropriate integrating centers \ la the same ascending 
pathways xxhich also conduct other \iscera! impulses which gixe rise to 
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censations Inasmuch as sexual sensations are essentiall\ of a primitive 
trpe It need not be assmnwl tint ill tlit iffcrent Jinpulsei nJnch plav a 
part m '^exual fceliiif; or awareness reach tlic cerebral cortex ^Ian\ of 
them imdoubtcdK arc mtegritcd in the dicncephalon 
Tlie impulses w Inch gi\ e rise to the sexii i! org ism ilso call forth reactions 
in other visceral org ins 1 he excitation ippirentlv spreads throughout 
the entire autonoinic nervous svstem Both the rate md force of the 
cardiac contractions arc augmcntcil ri-'pirition is stimulated and not 
uncommnnlv perspirition is calle<l forth IIknc impulses also give rise to 
«omatic reflexes In addition to the contru tioiis of tfu compressor urethre 
ischiocav ernosiis and bulhocivemosus imistks whidi plav a part in the 
expulsion of the <5Lminal fluid spastic contriction-^ of the extensor muscles 
of the lower extremities not untommonlv occur simult incouslv with the 
orgasm \cconhng to Alullcr ind Dihl {l‘M2i the reflexes involved in 
these somatic reactions arc t irricnl out tlm>ui,h reflex centers m the spinal 
cord Thev observed clonic contriction of the extMisctr muscles of the 
hind limbs simultaneoiislv with tlie expulsion of •^en^Jn il fluid elicited bv 
artificial stiimihtion of the g! ms of tin erect [lenis in i clog following 
transection of the spinal emrd ibovctlu liiinb ir region 
Cortical Influences — Vs pointed out »b)vt the ditii ivuhble do not 
jUbtifv the conclusion that eitlier the scmnnl epithelium or the mtcr&titial 
^ecretorv tissue m the tcstis ire inncrv itid dirtcih I’svchic influences 
nevertheless plu nn import int role m the ccmtrol of the org uis directlv 
involved in the sexual act tlicrefore it h is been assumed b\ unit tint the 
sex organs are rcprcscntcci in the cerclird cortex fiiis undoubtedlv is 
true of the striated inuscii! iturc involved but is pointed out ibove the 
discharge of seminal fluid euinot be called forth as ipurciv \ohmtirv act 
There is no conclusive evidence therefore that the smooth musculature 
inv olv ed either in the process of erection or the ict of ej icul ition receiv es 
direct cortical impubcs I his musculature responds rcfltxlv to a vanetv 
nt stimuli arising within the organism as i result of stxu d excitation and 
external stimulation of tlie pcmlt organ p irtitul irh the glans 
Sexual excitation is i complex phenomenon whicli in a large measure 
spends on the functional state of the intern il secrctorv tissue in the sex 
§ 'mds It cannot be brought about during childhood until the sex glands 
particularh the internal secrctorv tissue liivc become functional If the 
glands are remov ed earlv the dev clopment of the seminal v esicles and 
prostate gland is arrested iiul sexual excitation never cm he achiev ed On 
ye other hand, overactivitv of the internal secrctorv function of the sexr 
Sands results in a state of sexual Iivpercxcitabilitv The functional 
alance between the sex glands and other endocrine organs plavs an 
of consequentlv it ma\ be assumed that the psv chic functions 

the cerebral cortex are infUicncetl bv the internal secretions of the sex 
and other endocrine glands and that sexinl excitabihtv, m a large 
determined bv cortical reactions to these influences Sexual 
condt ^ and sexual desire, furthermore varv with the phvsiologic 
^hj h glands Tins is apparent particuhrlv m those species 

plai^ a limited mating season Inman voluntarv inhibition also 
»s th^ important role in sexual excitabihtv and under normal conditions, 
e controlling factor in sexual behavior 
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THE FEMALE SEX GROANS 

Anatomic Data —Extrinsic Nerves— 'I he is itmer\at«I mainl) 

through tlie o\nrmn p!t\us lhn plexus arises fnirn tin. aortic and renal 
plc-xuses and nccoinpuncs tlic oxaimi artcr\ Main of tlic fifwr bundles 
^\liic!i enter the o\anan plexus iim> In. tnicwl (lire*ctK from the o^arlan 
Rsnshon located near the oriRin of the o\nnaii arter>, and the panglia 
incorporated in the renal plexus Jliest panplia arc intiinatcK connected 
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bj fibrous rami with the ceinc and superior mesenteric pangha The 
o\ anan plexus constitutes a meshw ork of ncr\ e fiber bundles w Inch im ests i 
both the oearian arter\ and \ein It supplies fibers to the Fallopian tube i 
and broad ligament as w ell as the ox are and communicates, m the broad j 
ligament, with the uterine plexus tlirough which it also supplies fibers to 
the uterus The afferent fibers suppi} mg the ox ar> are mainly components 
of the tenth thoracic nerx e 

In addition to the fibers derixed from the ox anan plexus the Fallopiao 
tube also receixes fibers from the mtermesenteric nerxes, tlie hypogastric 
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plexus and the uterine plexus The afferent fibers supplj mg the Fallopnn 
tube reach the spinal cord through the ele\ enth and tn elfth thoracic and 
lumb'ir nen es 

The uterus is mnei^ated mainh through the uterine plexus uhich is 
intimateK connected ^\ith the \igiml plexus nnd, uith the latter, consti- 
tutes the utero-aagim) plexus This plexus corresponds to the prostatic 
plexus m the male Tlie uteTO-\ agmal plexus is continuous supenorlj 
uith tlie h^ pogastnc plexus but also receives fibers directlv from the loner 
lumbar and sacral svanpathctic trunk and the peh ic ner\ es, consequenth , 
It includes both sMnpathetic and parasvTnpathctic components It also 
includes a x amble number of ganglia, one of vvhith, the cer\ ical ganglion, 



Fia GS — DwKramniatic illustration of the ertrmsic nones of the uterus and \affma 
(After Dahl } 


situated about the lead of the cciaix uteri usuallj is considerablv larger 
than the rest and, in some instances includes most of the ganglion cells in 
the plexus As demonstrated bj the use of paraiertcbral anesthesia 
afferent nene fiben, reach the uterus aia the roots of the eleienth and 
twelfth thoracic nerves m the human species and via the first and second 
lumbar nen es in the dog (Cleland, 1933) 

The vaginal plexus is made up mainlv of parasvanpathetic components 
deriv ctl from the sacral parasvanpathetic outflow but also includes svan 
pathetic components derived in part from the hvpogastric plexus and in 
part directlv from the sacral svanpathetie trunk It supplies fibers to the 
wall and mucous membrane of the vagina and urethra and gives rise to a 
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civerno\is plexu'^ for the thtons The Inttcr structure also is sujiplied bv 
the dorsal iier\ e of the clitoris which is n hninch of the pudendal nm c 

The labia are supplied b\ lioth ctrebrospinnl ami autonomic nerves 
The cerebrospinal supplv of tlic anterior part of each labium is dcn\ ed from 
brnnebts of fiie lijo inj^innal, and llmt of the posterior part from Iiranches 
of the pudendal ntia e and the pcrmej.1 brnncli of tlic posterior cutaneous 
ncr\ e of the thi^li 1 he autonomic supph 13 dcri\ ed from tiie \ istca! and 
\aginnl plexuses 

Intrinsic Nerves ot the Ovary —Ncarh all the nerve fillers which enter the 
ov nr\ from the o\ arian plexus arc iimnv clinatctl and of small caldier Hiej 
accompanv the ovarian vesstls mto the stroma where the hrger bundles 
Rive rise to hr me lies which accompmiv tlie bniuehts of the ovarian vessels 
Nerve fibers are supplied to all the ovarian vessels ntid other smooth 
muscle m tlie ovarv but not to the ovarian folhtUs and the interstitial 
secretorj tissue 

Among the earl' investigators 1 nmkcuhauscr (1807) Wnldevcr (1870) 

1 Ihschcr (1870), Ricse (1801), von llcriT (1802) von Gmwronsk) (1891) 
and ^Ylntcrhalter (1800) ilcscnbeel the intrinsic nerves of the ovarv as 
supplv ing the ovarian follicles as well as the hloexl ve^ssels \ edclcr (1890) 
described an abundant nerve supplv to the blood vessels in the human 
ovarv but observed no fillers which enter the follicles RcUius (IS93) 
dc \os (1804) and ^fandl (1805) obscrvcel nerve fillers m proximitv to the 
follicles hut could not dctcnninc that tliev citlicr jienetnte the follicles or 
terminate in relation to them The occurrence of pmphoii cells m the 
ovarv was reported particularlj bv Bocum (1897) and Markowitm (1899) 
Abel and McPIrov (1912) observed no ganglion cells in tlic ovnnes of the 
dog oat and rabbit \cex)nlmg to their observ ations, the nerv cs, on enter 
ing the ovarv at the hilum, become scpamtcxl mto three sets, a vascular, a 
follicular and an mteratitml set all of which anastomose with one another 
Thej described the follicular nerves as Iving m the tunicio externa and 
mtenn but not as penetrating the stratum gruiulosurn iJnll (1915) 
described and illustrated a gangboti m the stroma of the ovnr> m the 
mouse and the rabbit, w Inch he regattlwl as mtimatelv associated w ith the 
nerve fiber bundles which inter tiie oi^an He al-vo described an abundant 
supplj of nerv e fibers to the interstitial sccrctorj tissue and traced struc- 
tures which he ngaKleil as nerve fibers into the corpus luteum to their 
terminations on lutein cells 

In pjTidine-silvtr preparations of ovaries of the dog, Kuntz (1919) 
observ ^ an abundant nerv e supplv to the blood v esaels and fibromuscular 
tissue in the stroma, but no nerv c fillers which either penetrate the ov arian 
follicles or terminate m relation to them Near the penpherv of the 
medulla and m the deeper la^ ers of the cortex, manj nerv e fibers come mto 
close proximitj to aggregates of interstitial cells but careful observation 
faded to rev eal any which terminate m relation to these cells In areas of 
the cortex in which the interstitial secretorj tissue is hist developed, nerve 
fibers are relatively rare Tliej do not penetrate these areas except as 
tbe> accompany blood vessels which either suppi) the interstitial tissue or 
pass through it In preparations of o\ an^ w hich contained w ell-dev eloped 
corpora lutea a few nerv e fibers in some instances, could be traced along 
the larger blood vessels in the connective tissue between the columns of 
lutein cells but none were observed to deviate from the blood vessels or to 
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issume 1 relationship to the lutem cells Ganglion cells ere not obser\ ed 
^Mthin the o^ 'ir\ in an\ of the preparations studied 
In eNperiments reported b\ Goecke and Beaufa\s (193G),ner\e fibers in 
ovarian transplants soon undement degeneration but neu s\Tnpathetic 
fibers greu into the transplanted tissue from adjacent blood ^essel5 
Goecke (1938) triced ner\e fibers into close pro\imit\ to follicles in the 
human o\ ar\ but not into them 

Although not a fe\i of the earlier in\ estigators were led to conclude that 
neiae fibers actualh penetrate the o\ imn follicit'i and also siipph the 
interstitial secretor\ tissue in the o\ar\ wc do not regard the e\idence as 
coni incing The ai ail iblc pin siologic data also fail to support the conclu- 
sion that these tissues hai c a functional nen e suppK 1 he entire efferent 
nenesuppK totlieoian probabh is distributed soleli to the blood \essels 
and other structures in the o\ an which contain smooth muscle Ganglion 
cells undoubtedli ha\ e been obserx ed w ithin the o\ ar\ in cert iin ca<es but 
nene cells do not occur regularh m this organ 
Intimsic Nerves o! the Fallopian Tube —The 1 allopian tube is innen ated 
through both unmi elinatcd and m\ elinated fibers dcri\ ed from the o\ arian 
and uterine plexuses As the nencs penetrate the wall of the tube the\' 
giierise to branches which are distnbiitcd to ill the lavers except possibh 
the mucous epithelium A definite plexifomi amngeraent of these fiber 
bundles is not apparent 

Among the earh imestigators wlio studied the iniicmtion of the 
Fallopian tube ion Herff (1892), Gawronski (18W) and others supported 
the theori that nen c fibers penetrate the mucous epithelium and terminate 
m relation to the epithelial cells The' abo claime<l to ha\e obsened 
nene cells in the wall of the tube Dahl (1916) de'-cribcd ner'e fibers in 
all the Ia\ers of the Fallopian tube except the mucous epithelium He 
obsened \er' fine branching fibers which approach the epithelium \er\ 
close!' but could not detcnninc that tlicx actinll' terminate m relation 
to the epithelial cells Hartmg (1929) describeil the ner'c suppK in the 
wall of the tube as abundant and pointed out that the fibers in the mucosa 
decrease m number toward the uterine end of the tube whereas those in 
the musculature increase He also reported the existence of bodies similar 
to tactile corpuscles in the mucosa in the upper third of the tube Neither 
Dahl nor Hartmg obseri ed g inglion cells m the tube 
The Utero-vaginal Plexus includcb both mielimted and unm'elmated 
ner\ e fibers The ceri ica! ganglion x arics greatl' in sire and compactness 
n this ganglion is large and its component ganglion cells ire coinpactiv 
®SSregated there ire relati'ch few small ganglia scattered about in the 
plexus If the cer'ical ganglion is relatneh small or comprises relatnelj 
few ganglion cells arranged in looselj aggregated groups there is a relati' el' 
brge number of small ganglia scattered about m the plexus Blote'ogel 
(1927) proposed the following classification of the ganglia cenicale uteri in 
the human and lanous animal species (1) Forma compacta This is a 
large compact ganglion which is tnxersed b\ all the ner\es which join the 
uterus Cer'ical ganglia of this t'pe occur in the mouse rat h'ena and 
sometimes in the human species (2) Forma disseminata The ganglion 
complex does not exhibit a single I irge ganglion but a small ganglion 
occurs near the uterus in tlie course of exerj nene joining this organ This 
arrangement is obserx ed in the cat, kangaroo and, in some instances accord- 
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ing to \nriotts ohscr\crs, in the hiiinnn species (1) lonna coinpicta 
(lisseniimtn Cenical panfilii of this tspc consist of n large ganglionic 
mass made up of mnncnius gniiiiis of ganglion cells which are looselj 
associated w ith one anotlicr '1 hia umiigcmcnt occurs in the cat ape and, 
m some instances in the human species In all cases in winch a large 
cer\ 1 C il g-inghon exists, it is situatoc! on the ilorsolatcral aspect of the uterus 
and in pnixunitv to tlie upper cml of the angina Pcnilschka (1929) 
reported that he nc\er oliscrveci a large compact ganglion in the utero- 
\ iginal plexus m the human species '1 lit neurons in the cer\ ical ganglion 
and the smaller ganglia in the uttro-\nguml plexus are similar niorpho* 
logicalh to the ganglion cells in other parts of tlic autonomic nervous 
s) stem 

Intrinsic Nerves of the Uterus —Nerve fibers enter the wall of the uterus 
from tlie utcro-v nginal plexus tnainlv along the hlood vessels The larger 
trunks he deep within tlie invoinctritim and approximatelv parallel to the 
long axis of the organ \s ohsened hv Hmwn nnd Ilirsch (19^11) m the 
immature human uterus, hranches wluth extend into tlie endometrium 
form an intricate plexus in the hmina propria winch is more almndant in 
the cerv icul canal than in the IxxK of the iiterns '1 he nerv cs vv Inch supplv 
the fundic area tnivcrse tlie broad Iigimcnt or tlie supcrficnl lavcr of the 
mvoinctrium ^^ltlun the mvoinetnimi, ncconbng to Dalil (1010) the 
smaller nerv e fiber bundles m general run parallel to adjacent Imndles of 
muscle fibers to vv hieli tlic v giv c off branches the fibers of w lucli terminate 
in relation to muscle cells ncdcscribedthciiervcsupplv nsfnirlv uniform 
throughout tlic uterine wall except iii the areas adjacent to the 1 allopian 
tubes vvlicrc it is particularlv abundant 

Ncarlv all the investigators who studied the intrinsic nerves of the uterus 
einphasired the ahimdauce of nerv e fillers in the musculature and along the 
blood vessels Certain of them traced nerve fibers into the uterine ronco'a 
nnd claimcxl to have observed nerve fil>cr tcnnmitinns m relation to the 
epithehuin Others oliscrved no nerve fibers which nctuallv reach the 
mucous epithelium In view of the profound degenerative and regener 
ntive changes which take jilacc in the uterine mucosa, the existence of 
nerve fiber tennmations in the epithelium must be regarded ns extrcmelv 
doubtful In preparations of the adult human uterus State and Ilirsch 
(1941) observed nerves throughout the basal third of the endometrium 
According to their findings these nerves are related mainlv to the arteries 
hut some fibers end frc'clv in the stniinn Their dat v afford no e\ idencc of 
fiber terminations in relation to the epithelium 

Certain investigators described elements in the wall of the uterus in the 
human and animal species which thev interpreted as ganglion cells othere 
found no ganglion cells within the uteniie wall According to Naiditsch 
(1930) ganglion cells are present in the subserous lav er in the region of the 
cervix but not in tlie deeper lavers Okamura (1939) reported the 
rence of ganglion cells in the utenne wall in the cat and the rat According 
to his account, such cells are present in considerable abundance in the 
perimetrium and the mvometnum and in small numbers along the nerves 
in the endometrium In spite of these positive findings, all the data 
available at present do not warrant the conclusion that ganglion cells 
occur regulatlj m the uterine wall 
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Intnnsic Nerves of the Vagina —Most of the nenes uhich join the \ agma 
from the utero-^ iginal plexus enter its upper and middle parts Vo ntr\ es 
of macroscopic size can be traced from this plexus to the loi\er part of the 
lagina The intrinsic nerics of the xagina form a plexiform ineshwork 
which includes numerous small ganglia 
According to GauTonski (1894) some of the \agmal neries extend 
through the muscularis into the rmicosi and terminate in the \aginal 
epithelium Some of the carK mxcstigators also descnbeil end organs 
similar to Pacinian corpuscles in the \ agin il mucosa 
Jung (1905), Dahl (1916) and Medowar (I0J8) described a rclatiiels 
simple plexiform arrangement of ncr\cs which includes smill ganglia in 
the upper and middle parts of the \aginal wall According to Dahl the 
neurons in these ganghi are morphologic iIK identical with tho'se in the 
utero-i aginal plexus lie found no ganglion cells either m the lower part 
of the \agma or m the inner laxors of the muscularis and the connective 
tissue betw cen the muscularis and the vagind epithelium and no receptive 
end organs in the v agiml mucosa 

Nerves of the External Gerutaha -Sensorv end organs in the female 
external genitalia were oh<?erved hv not a few of the carlv an itoinists On 
the basis of their accounts and the results of his own histological studies, 
Dahl (1918) advanced the opinion that the vanous morphologic tvpes of 
sen'ion end organs in the female extern d gtmtali i pos'icss certain common 
characteristics Although tliev varv in form and structure the arrange- 
ment of the terminal portions of the nerve fibers with which thev are con- 
nected is quite unifonn lie therefore proposed tint thev be regarded 
collectivelv as genital sen^e organs lie found these organs present in 
abundance in the clitoris and hbia minora but al)».ent in the labia majora 
He also pointed out that thev are less ilmiidant but situated more super- 
ficiallv in the labia mmora than in the clitoris In general the genital 
sense organs are separated from the surrounding tissue bv conncctive- 
tissue capsules Tlie afferent nerve fibers with which thev are connected 
mvehnated components of the nerve of the clitoris and reach the spinal 
cord through the pudendal nerve 

In addition to the mvehnated fibers which terminate m the genital sense 
organs the external genitalia are supplied with unmvelinated nerve fibers 
^me of the latter he close to the <?pidtrmis but most of them obviouslv 
are related to the blood vessels The unmvelinited nerve fibers in the 
clitoris and labia minora arc derived mainlv from the cavernous plexus of 
toe clitoris 

Physiologic Data —The earh literature bearing on the role of the nerv ous 
system in the regulatorv control of the female sex organs is exceedinglv 
aoundant and replete with conflicting data and conclusions which in the 
‘Rht of present know ledge obv louslv arc erroneous A comprehensiv e 
revie^ of this liter iture in this connection could serve no useful purpose, 
erefore an attempt will be made to state the mam facts regarding the 
w ^ervous influences m the functional control of the female sex organs 
n onlv such references to the literature as mav be necessarv to indicate 
background of the current phvsiologic concepts of the 
^tional mnerv ation of the female reprorluctiv e sv stem 

^®eul3tioii ot the Ovary — Although the ov ary is abundantly 
PP led with nerve fibers the distribution of these fibers seems to be 
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The contractions m\ol\cd botli the longitudinal and circular muscles In 
fa^orable cases, the longitudinal shortening of the uterus a\as most strik- 
ing ^^^len the stimulus as ipplicd to the h\ pogastnc ner\ c on one side 
onl\, the\ obaer\ed contraction of the uterine musculature and \aso- 
constnction onl\ on that side I lliott (1905) also reported contraction of 
the Fallopian tube m response to sjonpathetic stimulation In experiments 
on dogs, Langltx (1900) obscr\ cd contraction of the uterus followed b\ 
marked relaxation in response to sxanpatlietic stimulation Dale and 
Laidlaa\ (1912) also reported inhibitorx c/Tects of sxonpathetic stimulation 
on the uteri of xirgm cats and guinea-pigs 
Cushnx (1900) ad\ance<l the Iixpothesis that the s\anpathetic nerxes 
exert a diphasic efTcct on the uterus In x irgin pregnant and multiparous 
rabbits, he obstrx cd pow erfiil contractions of tlit u hole uterus m response 
to sxTnpathetic stimulation, followwl b\ markcal dilatation and inhibition 
of the spontaneous mox ements In \ irgin cat*> he obstrx cd onlx relaxation 
and m pregnant cats onlx contriction of the uterus in response to svan- 
pathetic stunul ition On the basis of these findings he expressed the 
opinion that the hx pogastnc nerxts inclu(U both sxmpathetic inhibitorx 
and sjonpathetic excitatorx fibers to tiic iittrus I olloxx mg the administra- 
tion of crgochrjsin, xxhicli prcsuiiublv pirilx/es the sxmpathetic motor 
niechanbms, lie obserxed either short tontriction followed bx marked 
relaxation and inhibition of the spontaneous uterine mox ements or pure 
relaxation and temper irx ccssitioii of uterine utixitx in response to stim- 
ulation of the hx pogastnc nerves m non-pregnant r dibits, and pregnant 
cats Dale (1900) obserxed similar responses to s.tnnuhtion of tlie hx^io- 
gastric nerxes before and after tlic aiiiniiiistration of ergotoxme Cushnv 
also expressed the opinion that the hx pogastnc nerx es nonnallx exert no 
tome influence on the uterine musculature since section of these nerxes 
causes no change except a quick contraction folloxvcd 1>\ a return to the 
resting condition 

The experimental data liearing on the effects of parasxanpathetic stim- 
ulation on the Fallopian tubes and the uterus afford no adequate basis for 
Jvpositixe conclusion In experiments reported b\ Langlex and \nderson 
(1895 189G) and Dale and Laidlaxx (1912) stimulation of the pelx ic nerx cs 
meats guinea pigs and rabbits elicited no recognizable responses in cither 
the Fallopian tubes or the uterus 'similar experiments haxe been carried 
out bj other inx estigators with similar negative results Contraction of 
the uterus m response to pansvanpatlictic stimulation also has been 
reported In xiexx of all the data axailable it seems most probable that if 
p'lrasxonpathetic nerxes exert an influence on the raotilitj of the 
rallopnn tubes and the uterus it is generallx inhibitor} I undberg (1925) 
adx'inced the opinion that the effect of the parasxanpathetic nerxes on the 
uterine musculature is excitatorj but this effect is usinllj concealed bx 
c stronger effect of the sjonpathetic nerxes 

ihe response of the smooth musculature of the xagina to sxmpathetic 
s imulation xerx commonlj differs from that of the uterine musculature 
particuhrlx m non pregnant animals In the cat guinea pig and rat 
^<^cording to Gunn and Daxis (1920) and Gunn and 1 ranklin (1922) the 
ugina contracts m response to sjonpathetic nerxe stimulation during 
lu experiments mxolxing nerxe stimulation thex obserxed onlx 
^action of the vagina m response to sxonpathetic stimulation accom- 
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pwcd In rclixation of the uterus m some c'i‘5cs nml contraction of thp 
utenis in others '1 he motor response to sympathetic stimulation or to 
ndrcnin, in their e\perimcnts, inxoKcd both the longitudinal and circular 
smooth muscle of the a agiim and as most markwl m the half of the a agina 
nenrfst the \iihn In experiments on cats reportcil hv Van Dyke (1W6), 
in uhich lie stndictl the eJTect of ci^jotoxmc on tlie response of the ^agma 
to SMnpathctic stimulation, the normal responses ohtainctl confinned the 
findings of Gunn and lus collalxiratora 1 ollovsing the adinimstration of 
ergotoxme, how i \ t r, stimulation of the hx^iogastric ncra e no longer elicited 
contnction of the anginal muscuhiturc hut either relaxation followed b\ 
contraction or complete relaxation He interpreted these findings as sup- 
porting the assumption tlmt the hyi>ogastric nciaes mchide inhibitor} as 
well as motor fibers to the \n^,ina 

rertnm experimental data ««ccin to support the assumption that pelvic 
ncia e stimulatinii elicits mlulntion of the smooth muscle of the s agina but 
the inhibitor} response is not marked Certain imcstigators particularh 
I angles and Andcison, rccogmrctl no effect of pciv ic ners e stimulation on 
the angina 

Ihc s\anpvthctic nerves to the female genital organs include both vaso- 
constrictor and vasodilator fibers \ asodilntation particularlv in the 
erectile tissue in the clitoris, may he chcitetl by pamvnnpnthctic stimiila 
tioii riic data available do not support the assumption that the blood 
vessels throughout the genital orpins arc supphc<l with pansvanpathctic 
vasodilator fillers liotli the hvpogastric ami tiie pelvic nerves mcletde 
visceral afferent components which are conncctwl vvitlv receptors m various 
parts of the genital organs 

Genital Reflexes —Tlic spinal centers mvolv ed m the reflex control of the 
sex organs in the female, as in the male, arc locatcil in the sicral and upper 
lumbar segments of the spinal corvl The anatomic relationships of the«e 
centers and the nlTcrcnt and cffcrciit nencs involved are csscntiallv idea 
tical in both sexes Die phvsiologic relationships also are comparable 
Stimuli arising w ithm the uterus, rnllopmn tubes or Ilartholm s glands mav 
elicit reflex contraction of the smooth rou'-culaturc of the genital tract 
through the lumhar center Stimulation of the sensory end organs m the 
clitoris elicits reflexes through the sacral center which bring about va*^ 
dilatation and turgor of the erectile tissue m the clitoris This reaction is 
comparable to erection m tlie male Summation of the sensory impulses 
arising in the external genitalia also results m a discharge of efferent 
impulses from the upper lumbar center which brings about expulsion of 
the accumulated secretion of llarthohn's glands, a reaction which is com 
parable to the expulsion of seminal fluid in the male In like manner, the 
summation of impulses nrisingmthecxtemalgcmtahn may result in the dis- 
charge of efferent impulses from the upper lumbar center through the 
hypogastric and uterine plexuses, which rtsiiU m perii,taltic contractions 
of the uterine musculature and expulsion of mucus from the cavitv of the 
uterus 

Reflex uterine contractions elicited by stimulition of the munroarv 
glands were not unknown to Hippoarates Such reflex contractions m»' 
giv e rise to painful sensations Utenne responses to stimulation of the 
breasts become more pronounced near the termination of pregnanev 
Stimulation of the nipples elicits reflex reactions also in other parts of the 
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gemtnl s^ stem In the rit 'ind the mouse, according to Se\ le and McKeo\^ n 
(1934), suckling of the joung results m long periods of diestrus ^^hlch are 
interrupted b\ an estrus c\cle onI\ once in tv\o or three ^eeks If the 
joung are remo\cd during a dicbtrus period the estrus c%cle immediateh 
returns to nonnal Tins disturbance of the sexual c^chclt^ during lacta- 
tion seems to be independent of the secretor\ acti\it\ of the mainmar\ 
glands but due to stimulation of the nipples It differs from copulation 
p^eudopregnanej , a\hich is caused h\ a single ner\e stimulus in that its 
maintenance requires continuous stimulation of the nipples 
A functional relationship between the erectile tissue in the genital organs 
and the ca\ernous tissue in the nasal mucosa has long been recognized 
N^ot infrequentK the genital and na'^al ca\ernous tissues react sMithron- 
ou';h, 1 c , T;\hen either the genital or the nasal ca\trnous ti'^sue becomes 
engorged the other also becomes engorged md when either one empties 
the other likewise empties Lndcr ctrtim conditions as obser\ed b\ 
Sternberg (1929), either the genital or the nasal ca\ ernous tissue ma\ react 
mdependentl\ of the other /achanas (1941) h is ad\ anced certain data in 
support of the assumption tint tlie h\poph\sis ph\s a role m the naso- 
genital relationship He Ins interpreted cert iin experimental and anatomic 
findings in rats as indicating tint afftrent impulses arising in the nasal 
mucosa elicit reflex reactions in the mtenor hipopinseal lobe which in 
turn exert an influence on the gemt il organs probable through a hormonal 
mechanism 

Reflex responses in the fcin ile genital organs mae he elicited he impulses 
"^nsing in adjacent ^ iscera (Sinelmkoee and (nigel-Morosoeea 1937) or b\ 
iffercnt stimulation of somatic nere cs S>me of these reflexes are mediated 
through the genital centers m tlit lower lumbar ind sacral segments of the 
spinal cord, others me ole e centers m the bram stem including tlic auto- 
nomic centers in the hepotlialainiis Theobald (1930) ade anced certain 
data which seem to support the assumption tint impulses emanating from 
the liepothahmus influence dieerse genital functions including menstru- 
ation, oe ulation, gestation and parturition 
The Sexual Orgasm — flie reactions meoleed in the sexual orgism m the 
f^ale are less definiteK known than those in\oI\cd m the corresponding 
phenomenon m the male According to Dahl (1910) the sexual orgasm 
imohes comparable reactions in l)oth sexes He assumed that the afferent 
impulses which gi\e rise to the sensations in\ohed arise in the female as 
m the male in consequence of the contraction of the smooth musculature 
of the genital tract Perist iltic contnctions are normalK initiated in the 
allopian tubes when sexual excitation is at its height These contractions 
are propagated to the uterus and xagina and are followed ha rhxthmic 
contractions of the striated sphincter xagin'C muscles The afferent im- 
pulses miohed m the sexual orgasm probabh traaerse the same neries 
and central conduction pathwaxs in the female is in the male 
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AnatGmic Data —Cutaneous Nerves — 'llic skin inchulcs the ‘^.nsc organs 
througli iucii most of tlic stimulating factors m the cxtcrinl em ironmcnt 
inllucncc tlic bods, con‘;oqm.ntl\, it is a\)undnnt!\ inntnntcd through 
nlTcrcnt m n cs 1 he cutaneous \ wels, other cutaneous muscuhr struc 
tuTcs and the cutaneous glands also arc inncrvatetl through autonomic 
nerxe fibers wbicb in general arc a'^'ociatcil uitb the afferent cutaneous 
ncr\ OS 



Fiq G9 ~DiaSTonunftl»c illuslrfttton of eyropattfUc fcnd afferont inncr\'ation of 
cutaneous atnicturcH 


As tbe cutaneous ncT\ cs approacli tbc skin tbe\ form a coarse plesiform 
structure m the subcutaneous stratum 1 rom this let el smaller neia 
penetrate the connm and form a plcxiform mcslm ork at the bonier of the 
reticular and papillai^ strata Kami nnsmg from this plexus approach the 
epidenn/s md form a subcpitlicJn) plexus from uhich terminal branches of 
afferent fibers penetrate the deeper laj ers of the epidermis The cutan^us 
ner\cs include both mjehnated and immjehnatcd afferent fibers 
terminal branches of most of the maelinated fibers dso are umncchnated 
The autonomic fibers m the skm are maml\ uninj ehnated and of 'ima 
caliber Except m the cephalic area tliej are den% ed crclusn el\ from the 
ganglia of the sjanpathetic tnmks (Tig C9) The autonomic inncrNation 
of the skin in the eephaltc area also is mainl\ sianpathetic Parasxanpa 
( 324 ) 
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thetic fibers probabK reach the skin m the cephalic area but their cuta- 
neous distribution is not ful!\ knoi\n 
Regeneration of smpathctic ner\e fibers in the skin folloiimg lesions of 
cutaneous ner\cs or section of the nerxes in the preparation of pedicle 
flaps takes place sloxxh Ihc earliest return of sxanpathetic function m 
pedicle flaps, according to I\rc<lcl and Phemister (1939) becomes apparent 
onh after sensorx function has liecoint reestablished 1 arl\ and adequate 
sensorx recox era, in thtir experience x\ is usiiiilx but not lux iriablx fol- 
lowed bj sxinpathetic rccoxtrx 

The afferent fibers temiin itc in relation to the specialized cutaneous 
‘'ense organs and the liair follicles ind in nikcd irbori/ations both in the 
corium and the deep 1 ix ers of the epultmns I lie autonomic fibers tenuin- 
ate mainlj in relation to the cut incotis xtsst Is including cipil! tries the 
erector pili muscles and tlic cutaneous gl uuls 
Sxonpathetic ntrx e fibers ircconxcxed to the skin m cut incotis branches 
of the cerebrospinal nerxes lho^c xxliich trixerst the spinal nerxes join 
them xia the corresponding gnx coiniininicatjiig rimi lliost xxliich reach 
the skin m tlie ceplialic area join the cortespcuiding trinial nerxes mamlx 
xia the plexuses on tlie internal and extern il c irotid arteries Since the 
preganglionic fibers xxhich supplx the ctrxical sxinpithetic ginglia are 
components of the upper tlioncic nerxes the spmil centers for the sxm- 
pathetic innerxation of the skin of the entire head nuk upper cxtreinitx 
and the upper portion of the thorix arc lot itcd m the upper thoracic 
segments of the spinal cord Since those xxhith supplx tlit sjinpathctic 
trunk ganghi m the lumbar and sacril segments ire components of the 
lower thoracic and upper lumbar nerxts tht spinxl tenters for the sxinpa- 
thetic mnerx ation of tlie skin of the Ion t r extrtinities ind the ion cr portions 
of the trunk are locitctl in the loxxer thoratit and upper luinbxr segments 
of the spinal cord In generd tlie sxinpathttu innerxation of the skin of 
the trunk is segment il, hut 1 oerster (l‘^29) his shown that preganglionic 
fibers arising in a gixcn segment of the spinal cord max effect sx naptiii con- 
nections with sjonpithetic ganglion cells xxlu»se ixons are distributed to 
the skin m sexeral segments lor cximplo stimulation of the anterior 
root of the fifth thoncic nerxe actix lUs swcit glmds from the fourth to 
the tenth thoracic segments 

Ihe simplest reflex arc inxolxcd ni the reflex xctixitx of cutaneous 
effectors max be conccixcd is follows the ifferent limb consists of an 
anerent spinal nerxe component xxhich tcnnimtcs penpherallx m a cutane- 
0^ receptor, the efferent limb comprises a preganglionic neuron located m 
the mtermediolateral cell column ami a sx-mpathetic ganglion cell located 
in the sxTnp'ithetic trunk (I ig 09) If both afferent and efferent limbs are 
components of the same or adjacent nerxes it max be assumed that the 
central connections are effected within the segments in question If, as 
of effectors in the cephalic area the afferent and efferent limbs 

the reflex arcs are connected w ith the central nerx ous sx stem through 
clx separated nerxe roots, the central reflex connections moist be 
rclatixel^ complex Reflexes of a higher order carried out 
tough afferent and efferent components of the same or adjacent spinal 
g cs also inx olx e centers m the brain st«n 
fibpr^^ ^olhcles —Ihe hair follicles are abundantlx supplied xxith nerxe 
s xvhich form relatix elx dense plexuses around them These plexuses 
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include both in>clinntc<l nnd iminjtlimtcd fillers '1 he latter arc main!} 
tlie umnjthnatctl tcnninal hnmch<s of in\tlnmttsl fillers Mnn\ ncr^e 
fiber tenninations undnubtesll> occur m the (oiuitctivc tissue livers of 
follicles Teniimnl bnuicheH also ]KiKtrntc into the epitheh il lavers The 
innervation of the hiur hilhclcs is i*Hsciitiallv stn'sirv but some fibers of 
svinpithetie origin liecoiiK involvisl in the pcrifolheular plexuses Lnrav 
clmat(sl films probihlv of svinpatlictic oncni and iiivi Iiintesl fibers alsi 
tcnninatc in the connective tissiii ptpilla. '1 he fornur pmlnblv tenninate 
in relation to the nutritive vessels in the pipillre Nerve fibers m clo'c 
relation to the sibietHiiis glands have lice n describisl but the data available 
do not vvarriiit the conclusion that •*vnipathelic fillers actuallv effect 
functional esmtacts with HthieesHis gland tslls lenniimtions of svinpa 
tlictic nerve fillers in the erector pili muscles have been aliimdantlv demon 
strated 

Sweat Glands —'1 he sw cat glands arc simple tulmlar structures the ducts 
of winch arc pniviifesl with smooth imisclc fibers winch prolnblv piav a 
role m expelling the secretion 'Hit sc tulinlcs arc snrniundwl b> delicate 
netw orks of unmv ehnatcil fillers winch he close to the ln«cincnt membrane 
lenninal braiicbcs of these fibers end in rehtion to the muscular elements 
and proli iblv m relation to the se^crctorv gland cells 

In man sweat glands are (hstrilmtesl <>vtr the entire surface of the bod} 
but arc more abuiuhnt and larger in certain areas tlnn m others fhev 
arc ]nrticularl> ahuiidant in the head face axilla pihiis, soles and genitil 
region Perspiration usinllv is most prufu'C in tlu‘«e art is In inanv of 
thehnrv nninmnls sweat glands occur onlv m re&tnctcvl areas of the skin 
Cats Inivc functional sue It glands oiil> in the paw pads ^oungdogshave 
function il swi it glands m their piw puis Ihcsc probihlv become non 
function il ns the ammnls grow oliler Pigs have functional sweat glands 
in the snout Ilnhbits, ruts ami mice probihlv have no sweat glands 
Certain other li urv iuninmal& c g , the horbc, have functional sweat glands 
over the entire surface of the bodv 

Mammary Glands —The inaiiimnrj glands arc ninervntcvl through the 
lateral cutaneous rum of the second to the sixth intercostal nencs The 
nipple and areola art nhundintlv supplied with ufTerent fibers which 
tenninate m cutaneous receptors, mid svmpathetic fibers which terminate 
m relation to the smooth muscle m the nipple and the adjacent superficial 
area riic bod> of the gland is sparsclv supphc'd with nerve fibers inainh 
sjinpathetic w Inch reach it v la the fourth fifth nnd sixth intercostal nerv es 
The lateral cutaneous rami of these nerv es giv e off maramarv rami through 
which svanpithetic fibers arc distributed throughout the gland Sjonpa 
thetic nerv e fibers also reach the mamniarv gland along the course of the 
long thoracic nrtcrj nnd the anterior pcrfonting branches of the intercostal 
arteries which suppl> the gland Within the inammnrv gland the svmpa 
thetic fibers tenninate mninh m relation to the blood v e&sels nnd the smooth 
muscle which is sparsclv distributed throughout the gland Certain 
phjsiologic data seem to indicate the existence of secretorj fibers m the 
mammarj gland but nerve fiber terminations in relation to mammarj 
gland cells have not been demonstrated anatomic ill> 

Physiologic Data —Hair Growth in Relation to Sympathetic Nerves - 
Fxcessive growth of hair m a circumscribed area associated with a lesion 
of the nerv es supplj mg it has been reported frequentlj This phenomenon 
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probabh can be axphinecl most satisfactonU on the assumption th it the 
papillan blood supph Ins been increased due to partial or complete 
functional interruption of the s\*mpathctic inner\ation of the \essels in 
question Ixiss of hair m a circumscribed are i and failure of its restoration 
also Is not uncommon This phenomenon undoubtedh ma ol\ es reduction 
of the papillar\ blood supph due to peripheral \ asnconstriction m the 
area m question 

Leriche (193G) reported i case in which a spinal cord lesion at the lei el 
of the seienth thoracic sepnent resulted in persistent pain m this region 
and two bald areas on the occiput and tlic neck below it which resembled 
tipical alopecia areata Vftcr other methods of treatment had failed, the 
pain was rebel cd bj local anesthesia which was administered four times 
at intenals of two or three dais \fter this treatment tlie growth of hair 
in the bald spots was restored llerginan (1917) reported a ca'^e in which 
the injection of quinine hidrochloridc and cthil carbarn ite in a nricose 
lein for its obliteration was followed hi thi deiclopment of two tipical 
areas of alopecia areata iihicli persisted for about three months 
In a studi of the tissues in areas of alopecia ireata, Leii-rnnkel and 
luster (1938) found a diminislicd number of patent capillaries and dimin- 
ished caliber of those which were patent and cudence of spastic contrac- 
tion of the arterioles 1 Iici also citcil additional ci idcnce of localized i aso- 

constrictor hi pertoniciti as a factor m the ctiologi of alopecia areata The 
frequent occurrence of bald spots m patients with diseases in which the 
siinpathetic neri es art known to be imolicd sucli as eiophtlnlmic goiter 
scleroderma and i itiligo, also supports the issumption that sjonpathetic 
hi pertoniciti is a significant causatiic factor m spontaneous failure of hair 
growth Measures which result in oicrcoming penplicn) lasoconstnction 
^ g , mild local stimulation bi mcclianical chemical actinic or thermal 
agencies, not infrequentlj result m augmentation of hair growth, probabli 
due to increased circulation through the papill in i essels 
Regulation of Erector Pib Activity —The erector pili muscles contract m 
response to sympathetic stimulation Generalized pilo-ercction is a common 
phenomenon associated with emotional excitation, due to the discharge of 
unpulses from hipothalamic siinpathctic centers Contraction of the 
erector pili muscles also is elicited rcflcxli bv appropriate cutaneous stim- 
ulation, particularli exposure to cold Localized pilo-erection in an area of 
referred hyperalgesia associated with iisceral disease is not an uncommon 
phenomenon It undoubtedly represents a reflex response to the stimula- 
tion of a isceral afferent fibers in the area of the lesion, w hich gii es rise to 
the referred sensory phenomena 

intracutaneous administration of acetylcholine and other drugs witli 
nicotine like action elicits strong fleeting pilo-erector actii ity m the i icimti 
n the injection In experiments reportt^ by Coon and Rothman (1940), 
nis reaction was abolished bi snnpathetic nerie degeneration both in 
•nan and the cat but could be elicited in areas anesthetized by neri e block 
nnd m excised pieces of skin These resulb. were interpreted as supporting 
6 conclusion that the localized pilo-erector actiiiti elicited by the drugs 
*n question represents an axon reflex response mediated through the 
^^^uches of the simpathetic fibers supplying the erector pili 

1’110-erection is essentially an imoluntan response Indiiidual cases 
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^bundince of T\ater m the blood and tissues exerts no marked influence on 
the output of perspiration The drinking of cold w ater m large quantities 
does not appreciahlv affect the secretorc actiMtc of tlic sueat glands On 
the other hand the drinking of hot liquids e 5 ^, hot tea not infrequently 
calls forth sudden profuse perspirition 
bnder ph\siologic conditions the most common cau'^cs of profuse su eat- 
ing are high external temperature and muscular lctlvlt^ In citlicr case 
It nia\ be regarded as therinorcgulatorc ^uch sweating according to 
Lht and Feet (1938), is centralh induced ind is generalized The appro- 
pnate autonomic centers in the brain stem ire stinuilated bv the increased 
temperature of the circulating bloml 'Hie spinil centers iinobed in the 
inner\ation of the sweat glands also react to increased blood temperature 
as b demonstrated b\ tlic finding t!i it, following Iran cction of the «pinal 
cord, perfusion of a portion of the cord below th< see tinn witli blood heitcd 
to 4o C brings about profu'JC perspirition m the si in areas innercatcd 
from the portion of the spin il cord perfibcd 
Perspiration m response to external teinjieraturc which is limited to the 
area exposed to the high temperature mac be reg irded as reflex Ihc 
afferent impulses arising at the penphcrc irc conducted centralw ird b\ 
sensor\ cutaneous fibers proliabh the heat fibers and the sueit glands arc 
actn ated through their snnpathctic iicr\ cs (I ig O’O ' 5 uch reflex activ it\ 
play a role m tliennoregulators sweating particular!' in response to 
external temperatures not sufficienth high to cau->e an appreciable increase 
m blood temperature 

l/>calized reflex sweating is not uncoimnoii in Msccral diseise The 
'egmental perspiration in patients with pulmonar\ tuberculosis can he 
c^lained most satisfactoriK on tlic assumption that impul'.es conducted 
from the site of a pulmon iry lesion liy \isccral afferent spinal ncr\e com- 
ponents elicit reflex responses tliroiigli preganglionic and s'lnpathetic 
neurons inx oU ed in the inner' ation of the sw eat glands in the correspond- 
ing cutaneous segment Keflex siidoinotor aeti'it' in localized areas of 
reeled hyperalgesia associated with 'arious 'isetral lesions ma' be 
explained on the same basis 

in many persons particular!' iinong tlic frill and tlie obese profuse 
^rspiration o\er the entire bod' may be cliciteel b\ exposure of a limited 
^ , an arm or a leg to a liigh external temper iture In such cases, 

arming of a limited part of tlie bod\ surface undoubtedly results in an 
the temperature of tlie circulating blood sufficient to stimulate 
c appropriate centers m the brain stem Ihe occurrence of nonnal 
ti 2 1 ^ 0 ^' *" response to exposure of an ancsthe- 

R,.!r irea to higli temperature, as reported by Gurney and 

(1942) supports this assumption 

sweat centers also react to changes m the acid-base balance 
" ith p ^ According to Hasama (1930), perfusion of the fourth ' entncle 
result s solution or injection of this solution into the carotid artery 
Hi ® profuse perspiration and a rise in body temperature If the 
tisg j ^ yfuiion IS alcoholic it results m inhibition of perspiration and a 
centers^°^^ J®”^Pcraturc These reactions probabh are mediated through 
sect, nr, . medulla oblongata, since thex ma\ be obtained after tran- 

mesencephalon 

P ration may be elicited reflexh b\ \arious external stimuli other 
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local increased imtabihtx of the cholinergic fibers. ^YlI‘5on (193G) 'id\anced 
the opinion that e\ce''Sl^ e gust ator\ sw eating ma\ be related to a hj peract i\ e 
condition of the su eat glands, as indicated ba their response to pilocarpine 
Psychic Stimulation of Sweat Secretion —Strong emotions, particularly 
anxieta and e\pectanc\, not infrcquentU arc accompanied by profuse per- 
spiration e\en in persons in good health but more often m “nervous” 
mduidtialb This need not be regarded as e^sentlall\ pathologic Perspir- 
ation during tinotioinl disturbances, himeaer mav assume a pathologic 
aspect Patients in a\hom such is the ca’^e usu illv ilso complain of other 
nervous disorder', e , tachveardia, gastric pains and headache Manv 
individuals experience locih^cd perspiration espcciallv in the palms of the 
hands, and sometime', also on the soles of tlie feet during ev en minor 
emotional disturbance*,, such as tinbarr iS'.ment ind perplexitv Outbreaks 
of profuse pcrspirition vv ithout an\ app irent cause also hav e been observ ed 
m hvstencal patients I motional sweating is cssentiallv of central origin 
but differs from thennorcgulatorv sweating in that its distribution inav be 
localized 


Response of Sweat Glands to Cerebral Stimulation — ( nrtical stimulation 
under certain conditions, ^c^ults m excitation of the sweat glands Ihis 
fact and the fact that perspiration is a common accompaniment of certain 
emotional stites led certain of the earlier investigators to assume the 
existence of a cortical sweat center \s a result of circfullv executed 
experimental studies, U inkier (1908) concluded tint certain corticil fibers 


arising in the frontal lolie influence perspiration and that these fibers 
descend through tlie subtlialamic region and cerebral peduncles into the 
medulla oblongata The«ie findings do not prove the existence of a cortical 
center for the functional regulation of the sweat glands Not a few m 
'estigators, including Dciden (1915) I\ irpliis (lOHi) Povving (1922 1924) 
and others have reported disturbances in the rcgiilatorv control of per- 
spiration on the paralvzed side in cases of litmiplcgia due to cerebral 
lesions iheir observ ations do not prove that such disturbances are directlv 
referable to the cerebral lesions in question (ruttinum md List (1928) 
and Guttmann (1931) on tlie other hind hive rejiorted observations on 
patients with cerebral lesions wliieb tliev interpreted is indicating the 
direct representation of the sweat gl uids m 1 1 irge jiortion of the cerebral 
cortex, including a bro ul zone hotli anterior ind posterior to the central 
sulcus and a limited area of tlie tein|M)ral lobe Guttm inn (1931) also 
reported perspiration on the eontr ilatcr il side m man in response to 
electrical stimulation of the cortex both m the prccental and postcentral 
g'Ti The onset of perspiration followed the beginning of stimulation 
a ter a latent period, and the seerttorv activity of the sweat glands con- 
^or some time after stimulation of the cortex ceased 1 xtirpation 
^e premotor cortex inav he followed liv excessive palmar sweating 
ub u ^ due to impulses emanating fnim centers in the hvpothalamus 
^ ich are released from cortical control (Darrow, 1937) In persons 
pable of voluntary pilo-crcction tins act usually is accompanied by 
activity of the sweat glanils (Sissman, 1938) Ihese observ a- 
^ '^'^^•stakably prov e that impulses emanating from the cerebral cortex 
exe t on the secretory activity of the sweat glands which is 

the through subcortical centers particiilarlv the autonomic centers m 
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certain conditions nn\ t\crt i stiinnhtin;; influence on the sudorific 
mechinbrn In certain cases, he found tint areas of the skin nlucli \\crc 
treated uith adrcniii e\hil)itcd more profu'se sweating; than the adjarent 
areas while in tlic liot-air clninher On the contrary neither I 
(1922) nor “^cliilf and 'M indur (lfl22) could detect an ajipreenble influence 
of adrenm injected into tlie luiuUp iw pads of t its on the '^ecn tor\ Trti\ lt^ 
of the sweat glands either with intact inntr\atioii or following ■'K tion of 
the sciatic ner\e'^ Tlicse ohsitr\ itions ire in accord witli tlu litnfinding 
that the snnpatlietic fillers to the •'Wtit glinds arc cliohncrgn I he 
chemical mediator hheriteal is a rtMiU of stiiiiiilation of cliohncrgic ner\( 
fiberij according to Lbt iiid Peet {19 IS), nn\ actuate swcU gl iiuL e\cn 
though the fibers in (luc'jtion do not elTcct direct contacts with the ghnil 
cells 

Nervous Influences in Mammary Function —\crvc iinpiiNc'i pi i\ 'nit n 
the functional ictnitj of tlic muninar\ gluld^ but the nnni ir i i wMi ^ 
the output of jnainmar\ secretion is inflticnccd In them is not f I'i u'ldi i 
stood The oxperiiiicnt i! studies tirricrl out In tlie tirlicr i i >i 
(Eckhardt 185S, Holing 1S7G, \oii Ilcrff 18S'bH'i‘'tb IS^H 11 ( i 1'" Ii 
to determine the possible role of nerve impulses in the < i to- n ri\ if 
of the mammarv glands Melded results winch \ ir\ width d f i r I i ( 
hasb for definite positive conclusions 'Iht results of all tlu < \p. t 1 1 < nt u 
studies involving partnl or complete denervation of tlu in innnr git ni 
inaicate quite clcarlv tint the «ccrctorv function of flu t ghr I ii 
largemcasure is independent of nervous rcgul ition (trtiiiMvpt iruir < 
data stronglv suggest tint the innimn irv secretion iinv lx infliHii" I ir 
least qualitativelv, througli tlic nerves which siipplv tlieinunm n diml 
to Pfister (1901), denervation of the nninnnrv glands in tlu 
wbbit results in no quantitative chuiges in the jiroduction of milk In 
Nahns(1925) txpenniciits, unihteral section of tlic nervcN stipplvin,^ tlu 
maminarj gland in tlic giunea-pig resulted in a quaht itiv c eliflerence in tlic 
®^*'^tcd In tlic glands on the two sides 1 lie fit ind cisem content 
P c milk produccel on tlie side of (he operation w is ippntnbh inerened 
annon and Hnght (1931) reported markcel disturbances in Ixctation, but 
0 1 s complete suppression, m cats and clogs which h id been suiijected to 
irpation of the entire svinpatlictie trunks In experiments involving 
svT^n 1 reported h\ Sinicont ind Hoss (1938), p irti d or total 
dctcetablc ch inges in tlie histologic appear- 
^ inainnnrv gland during gestation and lictation except pos- 
mvnl Labitc (1910) reported the results of experiments 

the it “ all the known semp ithctie pathwavs to 

Ml ovaries hul been removed and 3 control ribbits 
jectefl showed to become prtgn int The controls were sub- 

section on the twentv -fifth dav of pregmnev , the 
respect I *'re tKcnts-sesonth inil tliirtx -second <Ia\s 

samcm M '.c ""set and dunfion of licfition is ere csscntialK the 
Then,; , “ “"umls, and nil slioricd nonn il rcproductu e instincts 
"leic enlar' Rto" th of the in iniimn Rhnds preceding puberti , 

beemtf™™* during gestation the initiation of seerctorj activ itj and 
changK .“"J? “ “'I’s production folloiiing parturition are correlated n ith 
stimulatinn organs and are brought about hrgelv through the 

g innuence of hormonal substances produced bj the internal sex 
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organs Chemical stimuli nnd nutritive conditions niso plaj n major role 
m milk production througliont tlic penotl of Inctnlion Nerv oils rcpnlation 
nc\ crthclcss, pln> s nn important role in the flow of milk or the facilitation 
of Its extraction from the tnammar} gland 1 he stimulus nfTonlcd hj the 
sucking of the \oung in inanunnl:), including the human «j)ccies, is an 
important factor in incriasing tlit output of milk at the beginning of lacta 
tion follow mg p irtiirition nnd in facilitating the extraction of milk through 
out tlic Inctating pcruHl 'Hns stiinulntioii of tlie nipjile nnd areola eliciti 
definite reflex reactions in the innmtiinrv glands which involve the move- 
ment of milk toward the nutlet *I he^e react ions in turn givcnse to afferent 
nnpuUcs winch result m niort or less difiniti sensations 

I he fact that nnilattral stimulntioii of thi nipple elicits reflax rcsjx)n«es 
m both breasts indicates that the nflexes invohrvl (nvorsc the central 
nervous svstem 'I he afferent iiiipiiNcs art conduttwl to the “pinal coni 
tlirvnigli the nffertnt filnrs suppiviiig tin nipple nnd nrexvla, the efferent 
impulses rtnch tin glands through visceral clfcn-iit and svinpathetic 
neurons 'ihe reflex reactions m question involve mnmiv the smooth 
nuisclts in the nipple nnd areolar area nnd that winch occurs in small 
quantity throughout the glaml AMicthir stimulation of the nipple and 
areola affects tfie output of milk tiinmgh ehrect sccntnrj fllieri* as vet is 
unknown 

Trophic Regulation of Skin — ihe nutritive and fimetionnl states of the 
skin are coiistantb mntieiicovl through the svanpathetic nen cs nnd mav be 
modified locallv b\ svinp ithoctonu Itogulation of the cihbcr of the 
cutaneous lilooil vessels and tissue spacis nnd tapillnrv pcrmeabilitj 
undoubtexllv is a major factor m trtipliic regulation 

In experiments rcixirtvsl b\ Kcssclrmg (IDUi) the fluorescent dJ^, 
fluorescein nnd trvpaffavan were injcctnf into fnigs winch liad beea 
sjanpathcctomircvl on oiu side lollowmg this trcatincnt, the skin was 
exnmmcvl with the aid of the nltrnpak method 'ihe cutaneous vessels 
were dilated on the svinpatheetomircvl side and the tissue spaces were 
larger on this side than on the other hut the ceils were stamctl more tn 
tcnsclv on tlu nonnnllv nincnatovl tlmu on the svanpathcctnmizcd side 
riiese diffcrcnecs became more innrktxl ns the time interval following 
sjanpatluctomv increased Aslier (1917) rcportcvl the rcMiIts of expen 
inents m wliicli the rcicfion of svanpithcctornizcfl skin to intraciitaneo^ 
injections of histainmc vvns coinpartxl with that of the nonnallv innervate 
skin In njipropnnte concentration liistninmc produced a large bleb in the 
svanpathcctomizcvi skin but had no appreciable effect on the nonnallv 
innervated skin the concentration of the drug was mcrea-ed it 

producevi a bleb also in the nonnallv mnerv atcfl skin w Inch subsided much 
more rapidlv than the one producevl hv the same concentrvtum of histamine 
m the sjanpathectomircd skin Deprived of its svanpathctic mnerv ition 
tlie skill obvioiisb heconus Jess resistant to the tffett of histamine, ^ 
siblj due todccnasevi pcrnuabilitv of the cutuncous capillaries The drv 
scal> condition of the hiunan skin, following sjanpathectomv, obviomb is 
due mmilv to cessation of the sccrctorj nctivit> of the sweat glands 
Localized ntroph> of the subcutaneous tissue and the connective tissue 
lajer of the skin associated with chronic pulmonary tuberculosis (i^ot 
tinger 1029) undoubtedlv is a result of reflex v nsoconstnction m the areas 
in question elicited bj afferent stimulation at the f 

lesions 
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INKER'S ATION OF CEPHALIC AUTONOAIIC EFFECTORS 

The extension of the s^'mp'lthetIC division of the 'lutonomic nervous 
svstem into the head the distribution of the S3nnp‘vthetic plexuses and 
nerv es in the cephalic region and the anatomic relationships of the cephalic 
parasympathetic ganglia and nerves are described in Chapter I In the 
present chapter, the anatomic relationships of the cephalic autonomic 
nerv es v. ill be treated onlv in relation to the autonomic eflectors innerv ated 
through them 

Innervation of the Eye —Extrinsic Nerves —The eje is innervated 
through syanpathetic, parasvanpathetic and sensory nerve fibers which 
reach it v la the ciliary nerv es Tlic short ciliarv nerv es arise from the ciliary 
ganglion, the long ciliarv nerv cs from the nasociliarv branch of the oph- 
thalmic nerv e The smooth muscle of the cv clids (tarsal muscles) is supplied 
with svmpathetic fibers which traverse the voluntarv nerves to these 
organs The svmpathetic fibers m question arc derived from the superior 
cerv leal svanpathetic ganglion through the internal carotid and cav ernous 
plexuses, the parasvmpathctic fibers arise in the cilnrv ganglion Ihe 
afferent fibers supply ing the sensorv innerv ation of tlie cv c arc components 
of the nasociliary branch of the ophthalmic nerve 
The preganglionic fibers to the ciliarv ganglion arise m the mid brain m 
a special group of v isccral efferent neurons, the Edmger-A\ catphal nucleus, 
w hich IS associated vv ith the motor nucleus of the ocnloinotor nerv c They 
traverse the oculomotor nerve the inferior division of winch gives rise to 
the short motor root through which thev reach the ciharv ganglion Ihe 
svmpathetic fibers which traverse the ciliarv ganglion arc derived directly 
from the cavernous plexus on the internal carotid arterv through a slender 
ramus which either reaches the ganglion as an independent svanpathetic 
root or becomes incorporated m the long root which connects the ciliary 
ganglion with the nasociliary branch of the ophthalmic nerve and conveys 
the sensory fibers which traverse the ciliary ganglion to be distributed 
through the short ciliary nerves The preg inglionic fibers involved m the 
syanpathetic innervation of the eve irise m the upper thoracic segments of 
the spinal cord By stimul ition experiments, I angley (1807) determined 
that the preganglionic fibers involved m the innervation of the dilator 
pupillffi muscles leave the spinal cord m the upper three thoracic nerves 
Stimulation of the ventral root*, of these nerves m the cat, in his experi- 
ments, regularly elicited dilatation of the pupil, whereas stimulation of the 
ventral roots of the lower cervicd or fourth thoracic nerves did not Most 
of the preganglionic fibers iiiv olv ed in the innerv vtion of the dilator pupilla; 
muscles are components of the second thoracic nerve and most of those 
inv oU ed in the innerv ation of the nictitating membrane are components of 
the third thoracic nerv e (Cordozo, 1933) The postganglionic sv mpathetic 
fibers which supply the dilator pupillai muscle do not follow the course of 
carot^ artery all the way to the cavernous plexus As early 
as 1878 Fran^ois-Erank observed that the dogs pupil dilates in response 
to stimulation of the svanpathetic fibers which pass through the middle ear 

( 335 ) 
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Dcstriictum of the nnico'^i of the muldlc enr ami the h'l^'c of the foramen 
rotiimlvim nholislies pupIlln^^ reactions h^ stimuKtion of the 

cenjcil svmpathctjc trunk Ihe results of studies ri.portc<l hj Dieters 
(1927) and Bernik (1928) indicate cJeorl> tli tt the sMnpithctic oculopupil 
Jflr> fillers psss tiirougli the nuddfe tar (oii (he pmmontor\) m imn as i^el) 
as in tlic dog, cat and nihhit Ihc exact course of these fibers lias been 
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determined b\ the combined phj siologjc, anatorajc and embn ologic studies 
of many in\ estigntors After Jessing the superior cerMCsl sjTopathe ic 
ganglion the\ follon t\ie internal carotid orter> for n short distance an 
then de\ nte into the middle ear s\ ith the carotico t>Tnpanic fibers 1 
mg the middle ear, they pass through the ba'^e of the cranium lateral to 
nerve in the pterjgoid cmal and become associated with the cavernous 
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plexus ?»rost of the s^^np'lthet^c fibers to the e\e do not actuallj pass 
through the cilnrj ganglion Some of them reach the c\ e through the long 
cilnr\ ner^es, others tra\erse the s\mpathetic root of the ciharj ganglion 
and become incorporated in the short cihar\ nenes ]ust disH to the 
ganglion The long ciliar\ nerves do not communicate uith the ciliar\ 
ganglion but pass dirccth to the cxeball In general, these ner\es com- 
prise fibers nhich traverse the nasociliart nerve, including mainl} afferent 
fibers for the sensorj innervation of the eye and fibers which are derived 
directly from the plexus on the ophthalmic arterj Those w Inch mnerv ate 
the dilator pupill'c muscles belong to the latter group 
Intrinsic Nerves —The short ciliary nerves, fifteen or more in number, 
arise from the cilnrv ganglion and pass to the e^ cball T he> conv e\ para- 
sv-mpathctic fibers which arise m the ciliarv ganglion and svanpathetic and 
sensorv fibers which join this ganglion througli its svmpatlietic and sensory 
roots The short ciiiarj nenes penetrate the sclera and choroid to be 
distributed to the various parts of the eye Nerve fibers nmifv m the 
sclera, but tbeir exact distribution and mode of termination are unLnow n 
The cornea is richl> supplied with sensory fibers which form an annular 
plexus around its periphery From this plexus, fibers pass into the cornea 
and ramifj in the substantia propna, forming the fundamental or stroma 
plexus, from which fibers penetrate the clastic lamina and form a sub- 
epithehal plexus which gives off delicate fibers tint ramifv between tlie 
epithelial cells Some of these fibers extend out into the superficial hjers 
I ibers arising from the annular and stroma plexuses extend into the sub- 
stantia propria and come into close relation to the corneal cells The 
choroid and iris are supplied bv fibers derived from both the long and short 
cilnrv nerv es These fibers trav erse the perichoroidal Ivmph spaces w here 
the> form a plexus from which fibers arc supplied to the choroidal blood 
V essels A second plexus is formed in frontof the ciliary muscle from w hich 
fibers are supplied to the ciliarv muscle and ins Ganglion cells have been 
described in both these plexuses. On the basis of the results of the more 
recent anatomical studies the existence of ganglion cells m the ciliary bodv 
and ins m munmals seems highly improbable (Balado, 1927, Pines and 
Pmskj, 1932, Boeke, 1933) Unmistakable ganglion cells have been 
demonstrated in the plexuses associated with the intraocular muscles in 
birds (Clark, and Small 1934) The nerve fibers which innervate the ms 
extend as far as the pupillarv margin and supplj both the muscles of the 
ins and its blood vessels According to Pines and Pinskj (1932), most of 
the nerve fibers which supplj the muscles of the ciliary bod> and ins in 
mammals are mv elinated and of larger caliber than those w hich supph the 
blood vessels, most of which arc unmvelmated 


The muscles ol the iris and the ciliarv bodj art abundantiv supplied 
with nerve fibers The efferent innervation of the radial muscles of the 
ins IS sohh svTupathetic, that of the circular muscle solelj parasympa- 
thetic The efferent innervation of the ciliary muscles is mamlj parasym- 
pathetic The results of various anatomic studies, including those of 
Pmes and Pmsky (1932), Strcbel (W35), Stotkr (1937) and Clark (1937) 
aflord no unimstakable e\ idtnce of a sa-mpathetic inner\ ation of these 
innscles Certain plnsiologic data seem to support the assumption that 
(CdiMted muscles arc s\ mpatheticallj innen ated 

22 
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Ihc uitrm'^ic imisclcs of the c\e pnihiWs arc (lc%oj<l of •iflercnt inncm 
tjon (Stoticr, 10 i7, C !nrk, 10i7,llirftno, 1911) Ihc'^clcr'i anil therorncn 
arc ai)umlnntl\ siipphcd with affcrtnt none fillers ihc nictitatinp mem 
hranc and the smooth muscle m the t^chds arc mnor\atcil throu^,h sj-m 
pathetic ncr\ cs hut prohah!\ art de\ old of p irasnnpathctic inncr\ ation 

Sympathetic Regulation of Ocular Tunctions —Stimulation nf the cer 
Meal sMnpatlittic trunk or the superior tiriital sMnpithctic ganglion 
elicits diKt ition of the pupil mid rctrittion of the luctit iting mtmhnne 
According to Bishop and Iliudietker (1932) these reactions arc imshatcd 
througli the Inrgist iircganglinmc fillers m the ccr\ic'nl snnpnthetic trunk 
t c .thoseuluibi tlircshnld of stimulation IS lowest, cons4'f}uentI\, thcN mav 
he calltsl forth h\ stimuli whioli are too wt ik to cscitc the fibers of higher 
threshold whuli suhsenc other {ilt\ siologie fiinetions Section of the 
cer\ leal s\m\ntlutic trunk or cxtirpition of tlie superior ter\itd sMnpa 
thetie ganghou results in certain de finite ocular clniiges Purfour and Petit 
(1772) were not unfamiliar with tliesc phenoincim lollowmg section of 
the ccr\ icil sMop-ithctic trunk in the cat thev oh^erMsl that the e\c was 
somewlmt sunken thernim ociili narrow, the pupil constriefcil the nictitat- 
ing memhnne exteiulesl and the xesscls of the conjunetua dilated Their 
oh^cr\atioi\s Were I iter (<irroh<iratc<l Iin those of other imestigitors fhe^e 
ocular thnngts are now familiar clmitil plienomeim following cervical 
svmpitluctoiin m imn \ccottl«igto‘Miitc)i (PMh) the sunktn position 
of the cve is onlv appirint Die narrowing of the pdpehnl fissure is 
ciuscd l>v drooping of tlic iip|)er tvclid and sligjjt elevation of the lower 
due to relaxation of tlic sninoth muscle m the evclids 

The jntrn-oeulnr pressure jncrciscs somcwlnt following i“crMeal sviti 
patlicctoms due to the livpcrcmn resulting from section of the Nasocon- 
btrictor fihcfb Imt later gruhmllv returns townnl the preoperative level 
us the blood v esseU regain their mhercut tonus (1 mksz Histologic 

stiidic** of the retuiu billowing section of the cervicvl svinpathetie trunk 
partieuhrlv m the frog r<vc»lc<l no sigmfic'int changers (Ducret and 
Kogo 1931) 

In experiments on rabbits reportcil bv Chervet (1930) the cornev of m 
ev c depriv ed of Us «>nnpadietic uuvcrv ntion v\ ns less rcsistnnt to the effect 
of quartz light tinii tlie corma of the nonnnllv umervafed tve 3he 
corneal injury prodiicctl bv quirtr light also heile<l less promptlv m the 
symipathcctoinired cv e than in the normal one '1 hese results seem to 
indicate a trophic iiilluencc of the sympathetic nerves on tissue devoid of 
circulation 

Budge (1855) who studied the pupilhrv reactions under various exper- 
imental conditions, observed that the dilator pupillre muscles were atonic 
follow ing section of the cerv le il svanpathetic trunk lie concluded 
fore that this oper vtion interrupts the dilator fibers He first determined 
that these fibers emerge from the spinal cowl m the upper thoracic segments 
and concluded that this portion of the spmni cord includes a center for 
pupiihrj reactions which he designateil the ciliospmal center 

LaiigcndoriT (1909) reported the results of expenmcntsi m wliiclt section 
of the cervical svmpathetio trunk, following •section of the spinal cord in 
the upper cervical region resulted in con:»trjetion of the pupil 
hemisection of the cervical spinal cord in the rvbbit was followed bv 
temporarv constriction of the torresponding pupil but, when the cervical 
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s^pathctic tnmV also cut, tlie pupilHn constriction reiuimed per- 
manent He could explain these results onU b\ assuming the (xistcnce of 
a cihospinal center m the upper thoracic segments of the spinal cord 
This assumption Ins been amph supported b> the results of later in- 

'^The (hencephalon also indudcs centers from nhich impulses reach the 
dilator pupilla; muscles a la the ssanpathetic ners es Ingram, Ranson and 
llannctt (1931) has e show n th it dilatation of the pupil ma\ be elicited 
stimulation of \ arious other parts of the br im stem In their experiments, 
this reaction was regularK elicited b\ stimulation of an\ point in the 
tegmentum of the mesencephalon and pons Tins does not pro% e that the 
pupillan response, in c\ er\ instance w is tailed forth bs impulses emanat- 
ing from neurons locateil at the point stimulated but the stimulus probabU 
affected descending Msctril fibers which are wideK scattered m the teg- 
mental portion of the brain stem The impulses m question reach the 
cerMcal s^’mpathetlc through neurons m the cihospinal center Keller 
(1932) demonstrated that actmti m the ocular structures which are 
mnersated h\ ssanpathetic fibers can be elicited bs phssiologic stimuli m 
animals following transection of the brain stem at the middle leiel of the 
mesencephalon While this result show s that the si mpathetic tonus of the 
eies due to plnsiologic stimuli is not wholh dependent on the functional 
integritj of centers abo\ e the middle lc\ cl of the mesencephalon, it neither 
adds to nor detracts from the cMdencc which has gv\en rise to the theorv 
that the tonic sympathetic control of the e\c is mediated through an 
autonomic center in the diencephalon 
Reflex dilatation of the pupil ma\ be elicited by afferent impulses arising 
m anj part of the bods Whether somatic or a isccr il in origin the impulses 
m question arc conducted upw ard m the lateral funiculus of the 'Spinal cord 
on th( same and the opposite side (Harper and hlcSwmey 1937) Those 
which are tonducted upward on the contralateral side cross the medial 
plane m the segment ]ust aboye the one m which the\ enter the cord 
McSyymej and Suffolk (1938) also ad\anced ciidence of a segmental dis- 
tribution of tile peripheral afferent neurons which conduct pupiUodilator 
impulses from the abdominil Mscen 

Dilatation of the pupil separation of the eyelids, and retr'iction of the 
nictitating membrane may be brought about m experimental animals, bv 
stimulation of the cerebral cortex This does not proy c that the smooth 
musculature of the ej e and other orbital structures are directly represented 
m the cortex Braunstein (1894) attempted to explain pupillary dilatation 
following cortical stimulation is a result of relaxation of the sphincter 
pupillie due to inhibition of the pupillary center m the oculomotor nucleus 
Ivarplus and Kreidl (1911) did not admit the \ahdit\ of this explanation 
In their experiments the pupil failed to dilate in response to stimulation 
of the cortex or the autonomic center in the diencephalon follow ing section 
of the ceryical syonpathetic trunk They also elicited reflex dilatation of 
the pupil following section of the oculomotor nery e ilthough the pupil yy as 
alrtidi dilited Ihtir experimental data show elearh that actne pupil- 
lir\ (lihtatiou may be elieited b\ corticil stimulation and that the efferent 
unpubis arc conducted through the ctrMcal sympathetic trunks These 
dat i also pro\ e that the cortical impulses in question are mediated through 
autonomic, centers in the dieneephalon, and that they are conducted by 
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tlic s'ltne pitliunjs m the spinni co«I ns impulses nnsinR from direct 
stimulation of the (lieriteplmlic centers Destruction of the h\pothalaraus 
on one side nhohshes the (IFtct on the «.rMcnl s\inpathctic of stimulation 
of the fnmtal cortex on the same side but not of stimulation of the frontal 
cortax on the opposite side 

In experiments reported hj Cate (193 0» dilatation of the cat’s pupiUas 
elicited in a quiet room b\ weak, sounds Noises raised the threshold of 
stimulation 'J I 113 reaction « ns not nlwhshw) b} extirpation of the cortex 
in either the motor or striate areas 'i he disturlmncc of the reflex due to 
cortical ablation subsided less rapidly follow mjj rcmo\nl of the auditori 
cortex than follow in;» rtino\ al of either the motor or the striate cortex 

Parasympathetic Regulation 0 ! Ocular Functions —Stimulation of the 
oculomotor ncrat hriiiRS about constriction of the pupil ba active contrac 
tion of the constrictor pupilln. muscle Section of the oculomotor nerve is 
followed hv dilatation of the pupil due to the absence of tonus in the 
sphincter in the presence of normal tonus in the dilator pupilln; mu>cle 
Svanpathetic stimulation following set turn of the oculomotor nerve, bnaps 
about still further pnpillarv dilatation due to active contraction of the 
dilator pupilhc muscle Constriction of the pniul abo innv be elicited 
rtflcxlv h\ stimulation of the optic chiasm, the optic tract or the superior 
quadrigeminal hrnchium Ilaiison and Mnpoun (1933) also rei)ortc<l pupil 
larv cxmstrictmn m response to stimulation of the pretectal region the 
posterior commissure and tlic fillers emerging fnim the posterior com 
missiire which arch aMund the voiitra! aspect of tlic central gnv matter 
at the upper end of the cxrchrd aquoihict Stimulation of tlic superior 
colliculus, m their experiments, did not elicit pupillarv cxinstriction 

'Iho light reflex is mediated through the parnsvinpathctie innervation of 
the muscles of the ins It is chcitcvl bv stimulation of retinal receptors 
The pupil dilates in darkness or dim light and contracts to a pinpoint 
when the retina is strongK illuminatcil ’Jhe functional value of th«e 
reactions is obv lous 1 nlargcment of the pupil m dim light increases the 
total illumination of the retina, therein mercasmg visual power, constric 
tion of the pupil in strong light nl>o aids vision bv decreasing the illumina- 
tion of the return and diimnishiiig spherical aberration The effective 
stimulus which brings about this i^cx is the light falling on the retina, 
the afferent fibers involved traverse the optic nerve Inasmuch as par 
of the optic nerv e fibers cross in the optic chiasm the light reflex inv oh es 
both eves The efferent fillers involveil are preganglionic components 0 
the oculomotor nerve anil postganglionic fibers arising in the ciinry 
ganglion The central connections probablj are effected inainlv m t e 
pretectal region In the monkev and the cat according to Magoun r a 
(1930), the afferent fibers involved m the light reflex do not ® 

superior colliculus but dev inte from the superior quadrigeminal brachuiro 
into the pretectal region where tliev effect connections with neurons vv ose 
axons enter the rdinger-Westplnl nuclei Some of these fibers cross e 
medial plane m the posterior commissure and ventral to the cere ra 
aqueduct m the immediate vicmitv of the oculomotor nuclei ° 

either the afferent or the efferent path duuimshes or destrovs the re e 
It also Is lost in some cases m which nuther of these paths appears 0 e 
injured Tor example m tabes dorsalia and general paresis the P^P' . ^ 
constricted and does not react to light (Argyll-Robertson pupil) bu 



PARAil MP iTHETIC BEaVh\TlO\ OFOCl/I in FU'.CTJO\S 341 


iccommotiition rcfle\ leimins int ict Tills phenomenon siiggtbfs tint the 
centnl conneotions imohed m the light reflev differ from those inioU ed 
in the 'iccommod'ition reflex The reflex, reaction of the sphincter pupul'c 
to hght probabh is greatest a\hen the retina u. stimulated at or near the 
foiea and saries directl> oMth the mtensitv of the light and the area 
illuminated (■VbelsdoriT ind reilchenfell, 1901) 

Data T\luch support the assumption tint the constrictor muscles of the 
ins mas be influenced hy impulses emanating from the cerebral cortex are 
not 1 % anting In experiments reported b\ Hire et al (1935), stimulation 
m the latenl as all of tbe lateral xentnclc at the leael of the rostral border 
of tbe lateral g( mculate bod\ resulted in constriction of the pupil probabh 
due to stimulation of efferent fiben> of cortical origin which effect samaptic 
connections in the pretectal region Ualler and Barns (1937) reported 
experiments in which unilateral ablation of an area of tbe occipital cortex 
at tbe low er end of the posterior lateral gmis in cats resulted m mequahta 
in th( size of the pupils, the one on the side opposite the lesion being larger 
than the other Impulses emanating from the occipital cortex which 
influtme the si/e of the pupil probabh are conduct^ through cortico- 
prttectal fibers In expenments reported b\ llodes and Magoim (1942), 
stimulation m the rostral portion of the cerebral hemi'^phere m the cat 
resulted m pupillars dilatation Tins reaction is regarded as due to para- 
s^'mpathetlc inhibition since it could not be obtained follow mg interruption 
of the parasjonpathetic mner\ ation of the ms Stimulation of the anterior 
portion of the g\ rus cinguU and adjacent cortical areas, in their experiments, 
elicited pupilloconstnctor responses 

Cates (103 1) reported the establishment of conditioned pupilloconstnctor 
reflexes m cats on the basis of the unconditioned hght reflex buch con- 
ditioned reflexes could not be built up following ablation of the Msual 
cortex 

The accommodation reflexes are mediated mainh through the para- 
smpathetic innerv ation of both the cilnri muscles and the circular muscle 
of the ins Contraction of the ciliar\ muscle m the ict of accommodation 


IS accomp imed bj simultaneous contraction of the sphincter pupilla- Thus 
when the e\e is aicomraodated for near xision, the pupil is constricted 
The reaction of the constrictor pupillie in this instance m realit\ represents 
an associated roo^ement m which the act of accommodition carries with 
It the constriction of the pupil, probabU due to actuation of neurons in 
the mid brain which control tht sphincter pupillie b% the stimulus which 
actuates the neurons w hich control the cihar\ muscles The accommoda- 
tion reflex also is accompanied b^ associate<l actiMt\ of the extrinsic 
muscles of the e^ e Under normal conditions e\er\ act of accommodation 
for near Msion is iccompaiiied h^ convergence of the eves due to contrac- 
tion of both m^ial rectus muscles The swrapathctic innervation of the 
e\ es probabh plav o no direct p irt in accommodation for near v ision 
Accommodation for distant v ision has v er\ commonlv been regarded as 
a passive process Certain data particuKrlj the experimental data 
reported bv Olmsted and Morgan (1941) and Olmsted (1944), support the 
assumption tint flattening of the anterior surface of the lens in some degret 
ma\ be brought about reflexlv through the svxnpathetic nerves or bv direct 
svmpathetic stimulation In experiments on rabbits cats dogs and 
monkevs, as reported bv Olmsted, stimulation of the sxmpathetic nerves 
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to the ( \ c rcsulfid in fl ittenmg jif the Itns In ‘'omc of tlicsc exptninents 
reflex inlul)iti<iii of tlit p inismipithttic iit es uas rnlc<l out h\ section of 
tile oculomotor ntrse nnd the rotits of the upper thoncic spiinl nersea or 
r(ino\al of the cilmr\ f,nnjihon 1 he flattening, of the lens in these exper 
imcnts, lias been rt^,nrdwl ns the rtsult of ftnsion on the lens capaiilc 
caused b\ contraction of the nidial cihnrs muscles elicited h\ snnpathctic 
stimulation Momtntar\ rcsjMmsts of the same order ha\( been eliciteil 
iioth 111 animals and liuman subjects bv startle 'I he re<luetion m the 
uir\ attire of the anterior surface of the lens induct'd In snnpitlie tic stun 
Illation as Olmstcel pointcsl out is reli(i\e!\ small as compircsl with the 
increase m cur\nture induced In pirassinpathetic stimulation 
llieiihar^ niuselts also re'^iKun! reflexK tonxnricti of nfTi rent impulses 
other tlian those of hj»ht lVarc\ nnd Allen (1027) reported rceluction of 
2 to o diopters in necommodatioii in liiiinan <iihjects in response to increased 
enteric pressure produetsl In inflatinjt a balloon in the stomach or the 
distal portion of the ctilon Die fundus xcssels also were dilateil and the 
retina became edematous after fifteen to tttcnt> minutes 
Syner^c Action of Sphincter and Dilator Pupillis —t rider normal con 
ditions the sphineter and dilator muscles of tlie ins arc innmtuned m a 
state of tome nctnitx 1)\ impulses rcetned through tlicir rcspectne motor 
fihtrb The\ constitute a ‘-Miirgit mechatiisni vluch rcsixnids prompth 
nnd smoothly to stimulation of cither set of neraes The senergic action 
of tliesc nuisclcs, at least ui a measure is comp iralilc to that of the flexor 
and exteii'^or muscles around a joint The e-xplanntion of specific pupilhrj 
reactions is coniplicntcsl b\ tlic fact that dihtation of the pupil inav be 
brought about cither In cxnitraetion of the dilator miisclc or rcKxation 
(inhibition) of the splimcter, \\ hilc constriction of tlie pupil nun l>e brought 
about cither b\ contrictioii of tlic sphincter or relaxation of the dilator 
muscle On the other hand, the coiitraetion of one of these muscles ma^ 
alwnxs be accompanied In iiilubitiou of tlic otlicr, ns is assumed to be the 
case with tlie flc-xor nu<l extensor muscles of the limbs Certain exper 
iniental data stronglj suggest that dilatation of the pupil max normalh be 
brought about b\ a double action of tins sort t e contraction of the dilator 

muscle folloxx cd bx mliibition of the sphincter (^\ndcn^on 1903) Alter 
ations m the sue of tlie pupil occur not onl' in response to the effect of 
liglit on the retina nnd in the nccomraoilntion reaction but also under a 
X arietj of other conditions both nonnal nnd pathological In sleep thepupib 
arc constricted and the exes rotate iipxxnrd nnd outward Pupillarx con 
striction in tins case, max be due to inhibition of the tonus of the dilator 
muscle or increased tonicitj of tlie sphincter The assumption that the 
tonicity of the sphincter piipilla. is increased during sleep i> faxored bj the 
fact that experimental data are not wanting which indicate that, during 
the waking state, the mid-brain center which controls the sphincter pupiU'e 
IS kept m a state of inhibition bj a constant influx of sen«!orj impulses 
Most of these inhibitorx impulses are cut off during sleep, consequent j 
the sphincter tonus is mcreaseii Emotional states also are accompunie 
bj changes m the size of the pupil which aid in producing tlie facial exp^s- 
sions characteristic of the emotional state existing at the moment or 
example deep emotions of pleasure as well as fear are commonlj accom- 
panied bj pupillary dilatation Diis reaction inaj be explained eit 
the result of stimulation of the dilator muscle or tonic inhibition o le 
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Sphincter In fa\ or of the former explmation is the fact that strong emo- 
tional states are accompanied b\ generil s^'mpathet^c stimulation chic 
or emotional madriasis, as pointed out b\ Ingalls (1923), is closeh allied to 
the t^plcal reflex contraction of the dilator pupill'e muscle ordinarilj 
elicited b^ cutaneous stimulation Like man^ other effectors nliich are 
mnenated through the autonomic sjstem, this muscle responds to all 
manner of ps> chic stimuli as n ell as to a great \ ariet\ of sensorj stimuli 
It IS not mconceii able that the same afferent impulses n hich gi\ e rise to the 
emotional state also inhibit the pupiHarj center in the mid-bram Lieben 
ind Kahn (1930) ha\e shonn that emotional pupillar\ reactions, follonmg 
sensorj stimulation are abolished bj deep anesthesia and follon mg section 
of the brain stem abo' e the mesenceph don On the basis of these findings, 
the\ ad\anced the opinion that emotional pupillarj reactions depend on 
the functional integnt\ of the cerebral cortex « 

Relative Importance of Sphincter and Dilator Mechanisms —Although 
the sphincter and dilator pupiUae muscles sustain the relation of s> nergists 
to each other, the former must be regarded as of much greater functional 
importance than the latter Ihe dilator pupillie muscle is closclv related 
functionallN to other Msceral structures ^^hlch are mner\ated through the 
thoracolumbar autonomic outflow Tlie sphincter pupilloj is more highly 
specialized than the dilator both structurall\ and functionally and is 
stneth a part of the \ uual organ flie dilator pupilloj is not essential for 
a ision although it ma\ pla^ a minor role in the \ isinl functions of the et e 
Unlike the sphincter it is txtremclv responsne, at least m the higher 
\ertebrates, to stimuli which elicit generd s^^npathetlc reictions What- 
ex er effect it Ins on the accommodation and hglit reflexes is exerted mainh 
bx xirtue of the tonus which is constantlx maintained in it tliroiigh its 
sympathetic innerxation 

Both these musclea are of epithelial origin The sphincter muscle is 
stronger than the dilator and contracts more rapidly In the low tr x erte- 
brates, c g fishes and Arapliibn the sphincter pupill® is pigmented and 
itself re lets to light In the higher x ertebrntes, as pointed out aboxc, the 
light reflex is mediated bx a relatixelx complex reflex mechanism In man, 
It IS present at or before birth, while the accommodation reflex does not 
appear until the fifth month of postnatal hfc (Ingalls, 1923) The pupil 
exhibits considerable X arntion m size under the same conditions of illum- 


ination A’^erx eirlx and also late in life the pupil is relatixelx small, 
probablx due to the rehtixely xxeak antagom*>m of the dilator muscle 
during these periods Albino and blue exes normally exliibit smaller 
pupils than dark exes This may be regarded as a noimal ocular reaction 
to light Under ordmarx conditions, the ciliarx and sphincter muscles 
usually react together The pupil, hoxxexer, may react independently to 
the amount of light entering it, consequently, there may be mjoais in 
distant xision under conditions of strong illumination and mydriasis in 
near xision under conditions of weak illumination The dilator pupillse 
play s onlx a secondary role in these reactions w hich are mainly expressions 
of tonus changes m the sphincter muscle 
Action of Drugs on Ins and Cibaty Body - The dilator pupilW, like 
other smooth muscle x ith sympathetic innerx ation contracts m the 
■^drenm Atropine, homatropme and coc line exert a mx driatic 
enect in animals in which morphine causes excitement, c g , the cat, it 
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also dilatation of the pupil IMissostiKimnc and pilocarpine arc 

moH Knouii mjotics IlcgardifiR the site of tlic action of tiiesc drugs, it 
nnj be stated that adrtnin slumilntca the 5\nnp»lbttic filler tirminatjons 
in the dilator muscle, ^^!u!c atropine pardvres the pinssinpithctic fiber 
tenninations in the constrictor miisclt. j’hjsostipnine and pilocirpme 
probabb cause iniosis In stinntlntmg the endings of the same pansjui 
pathetic fibers f ocainc probiblx first Htmuihtcs mamli the endings of 
the sNinpatiutic fdicrs in the dilator muscles and m stronger doses para 
Ijs-cs the endmj,s of the pansMnpathctic fifiers in the splunctcr pupillje 
live stronger mjdriatics piraK/cthi cilmrv inijsde as well ns the spluncter 
pupillre, tlms dcstroMiig tlu power of iietommodation In the ni>driisis 
of cocaine and tlie nn osis of pin sostigmme tlie light reflex is not nholidicd 
'Ihc stronger in'oties stnnulatc the cilinrj inusele, consexiupiitlv, the e\e 
exhibits a condition of forcwl accoinnnxlntion during the period oI their 
actiN its 

Pn^asJ^np itiietic dencr\nti<m of the t\t results m a marbcil increase m 
the sonsjtniti of t)io spbmctcr ptipdlie to ncct\)chol»ne nod certain oilier 
paras^mpatbomiinetic substances, e p , ncctsl betu-mctlnkbolmc chloride 
and carhaminosleholuic In cx|)criinenta nportcil hs Kcil and Koot (1041 
1942), sensitir ition of tlic iria splmietcr in tfie cit to ncefilchobne rciched 
Its maximum idiout fisc duNs after pir.minpithectonn and continued at 
ipproMinattl) tlie same level until the eighteenth dsv and tlicn gradiialb 
subsided, rebelling a nummtun low lu el about the tlnrtv ‘fifth dnj following 
pnnsj mpstlicctom) J heir ilata support tlie ns<iimplion tint the decrease 
in acetj Icholme seiisitiv its follow mg a period of maximum sensitization is 
nssocnled with incrcaseef chofmc catensc acti\it\ 

Regulation, of the Nictitating Membrane —Projection of tlic nictititing 
membrane follow mg ( cr\ leal sMupathcctomN m experimental animals is a 
phenomenon observed bv inanv mvostigitors Slight projection of this 
membrane also occurs m man follow mg cerv ical •vvanpatheetoiuj 

Zermck {192S) advanced certain data ■winch ‘'cem to demonstrite the 
s>anpathetic innervation of tbc muscles which retnet the nictitating mem 
brane m tlic ent lie abo pomtcvl out that this membrane includes two 
groups of muscles one of winch brings about its retraction and the other 
Its protrusion Stibbe (1928) also described two groups of muscles m 
nictitating membranes in Amphibia bmls and mammals and concluded 
that two distinct neiiromusciihr ntcchmisms arc involved m the 
ments of these membrmes Bishop and llcmbccker (1932) reported 
retraction of the nictitating membrane m the rabbit m reAponse to cerviwf 
sjanpathetic stimulation According to Koscnblueth and Barti (1932), the 
smooth muscle w Inch retracts the nictitating membrane m the cat is itmer 
\ ated h> sjanpathetic fibers and protrusion of this membrane is brought 
about b> contraction of tlic outer fibers of tlie external rectus muscle 
which insert m its inferior horn According to their observations, pro- 
trusion of the nictitating membrane maj be accompfished bv (he contra^ 
tion of these fibers independently of outward rotation or retraction of the 
ejeball Cervical s\anpathectom> combined either with section of (ne 
abductns nerv e or deep anesthesia completclj paralv zes the nictitating 
membrane in thi cat 

In experiments on cats and dogs under choloralose or dial anestimsia, 
reported by Brunton (1935), ephednne m doses of 0 3 to 0 5 mg per Kuo 



345 


lacrimal ShCnETORl REGbLUIOA 

of bod\ eight resulted in retnction of the mctititmg membrane and 
e^ elids -n ithout marked dilatation of the pupil This resulted m apparent 
exophthalmos iMthout protrusion of the e^e in some animab and slight 
protrusion in others The apparent exophthalmos persisted longer than 
the rise m blood pressure cou'^ed ba the drug \11 tin se effects of ephedrine 
roiild be obtained following oerMcal smpatliectomN but not following 
administration of ergotoxme 

Contraction of the nictitating membrane m cats elicited b\ afferent 
stimulation of the sciatic nerae, m experiments reported b\ Rn^enblucth 
and Schw artz (1935) w as increased follow mg section of the \ agi and dener- 
a ation of the carotid arteries Ihe effects of simultaneous stimulation of 
two afferent neries also were summated in the reflex response of the 
nictitating membnne Lui (1935) reported summation of the effects of 
sjanpathetic ner\e impulses saanpathin from other sources ind adrenin 
applied simuItaneousl\ in the responses of the nictitating membrane in 
cocamzed cats A subliminal application of cither of these stimulating 
agents is cipable of increasing the response of the nictitating membrane to 
either of the others or to both in combination 

In cits under urethane anesthesia as reported hi ■\^atklns (1938) 
distintion of the urmari bladder or the rectum elicited reflex responses of 
the nictitating membr me In some instances the membrane contracted m 
response to distention of the bladder but usualli it relaxed and showed a 
positii e rebound w hen the bladder w as emptied Dil itation of the rectum 
usualU elicited relax ition o! the nictitating membrane, dilatation of the 
anal sphincter elicited contraction The afferent impuKes in question 
were conducted centralward through both the Inpogistric and the pehic 
ncr\ es 

Innervation of the Lacrimal Gland —The paras\mpathetii mnera ition 
of thi lacrimal gland is dtriaed from the sphenopal itme ginghon, its 
saanpithetic mnera ation from the superior ccraical sa-mpathetu ganglion 
The parasaanpatbetic fibers traaerse the maxillara nerae its zagomatic 
ramus the zagomatico-temporal branch of this ramus and the lacrimal 
nerae which is joined ba the zagomatico-temporal The '^aanpathetic 
fibers traaerse the internal carotid plexus and reach the lacrimil gland 
through the ophthalmic nerae and Us lacrimal ramus 

Lacnmal Secretory Regulation — The regulators influence of the para- 
saanpathetic innera ation of the lacrimal gland m its secretora actia ita has 
been demonstrated both expenmentalla and chmcalh Section of the 
I icnmal nen e distal to the point at w Inch the za gomatico-tcmporal nera e 
joins It (Demts< henko, 1872) or section of the greater superficnl petrosal 
iitrae (Ford, 1933) abolishes reflex hcnmation Goldziehir (1895) also 
pointed out that the functional ictiaita of the lacrimal gland is disturbed 
immethatela after paralasis of the facial nerae due to i lesion proximal to 
the geniculate ganglion This obsera ation was confirmed ba Clapp (1S97) 
and other more recent in' e&tigators The paroxasmal lacnmation which 
is associated with facial pahj , according to Ford (1933) can be explained 
most satisfactorih on the assumption that some of the preganglionic 
secretora fibers which formcrla effected sanaptic connections with ganglion 
cells whose axons innera ate saliaarj glands on regeneration effect connec- 
tions w ith g mghon cells whose axons innervate the lacrimal gland 

Stimulation of the sa-mpathetic nerats suppljmg the lacrimal glmd 
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results HI incrtjvscd laenmul M.crttio!i ONolftr/ 1870 lUich 1873) liut 
section or inriUsis of tliesc ntnu has no umrktd efTect on tlit normal 
functionniR of tiit r 1 »nd Muller nnd I)di! (IflIO) regarded the existence 
of sxnnpitlietie ‘^ecretorx fibers to the Inerimal gland ns Iuglii\ probable, 
altliouRh sxnnpUhetic fillers probaWx plu> no imiiortant role m reflex 
latnmnl netuitx In experiments reported In Mnes (1918), cerMcal 
sMii]Utliectoin\ in cats resulted in no immeslmte change m laenmal 
seeretors actnitv hut cleNeu <|a\s or longer after the opention tlic'cnu 
tiMt> of the lacrunal gland to weetsUboUne piiocirpinc and vdrenin veas 
increased, probable due to incresstel pennt ibiiite of tbc gl md eells 
Innervation of the Nasal and Oral Mucous Membranes — The mucoue 
incmbr incs of the n in s including the paranasal sinuses and (be oral and 
plinrMigcal caxitjcs an innersateil tlmiugb Imth SNonpatlictie and para 
saanpatlietic iitrxes ami nfl’ereut tomjwwtufs of l>otb ennial and spin'll 
ner\/s llic s^vnpitlietic fdicrs art dcrncil nuimh from the superior 
Cl r\ 1 C il 5>x mpatbetit g ingb i ri/r the plexuses on tbc intern il and external 
earotid artcnesiind tbeirlirancbcs 'Ihepirasiiupitbelicfdiersarcdernetl 
mainlx from tlic splunopahtine, otic nnd subrn ixi!lar\ ginglia tbroueh 
pcripbcrn) rnmi some of ubidi reach the mnwns membrnnftJ eJircctli and 
others of ubicb jom periplural bmnebes »>f the corre“Sj>ond)ng cninial nen«> 
(see p 30) lilt afferent fillers nro mninh components of the triptminal 
nertti. AlTercnt comiKintiUs of the g!oN-,oj>han npial nnd angus nc^^e5 
reach the mutous inemlirine pirtienlarh of the tonpne and tlic pharvnx 
Nunc nffercJit mirus ixunponcnts oInii join tlit plexuses on tlie internal and 
externa! t irotid arteries to licdistnhutcil to Mirious ctphnht areas (Kuntz, 
1934) \s has l>ccn dcnionstrnted m cxjierimental animals (cats), afferent 
components of tlic upper thoracic spiiml «tr\ cs trax erse the inferior ccrvJC'd 
sxmpathetic ginRhon jom the plexus on the common carotid nrter' and 
extend ceph dad in it Most of llH^efdH^« continue eeph dad in the internal 
and external carotid plexuses and pndnbK n icli their tenniinl distnbu 
tion in association uitli tbc ^xinpitlictic fibers ax Inch tnxerse these plexuses 
(Kuntz l‘)34) llie presence of mjclin degencrition in Marclii prepora 
liotib of nnsd and nnsoediarj nerxes following ncctiou of tbc toots of the 
upper four thorncic nerxes, ns obscrxenl bx Christensen (1934), indicate 
th it some of the afferent components of the thor itie ncr\ cs w Inch extend 
into the cephalic region actimllx reach the mucous membranes of the nose 
and the paranasal sinuses Clinical data winch support tlie assumption 
that afferent spinal ner\ c fibers reach the nasal and oral mucous ineiti- 
btanes m manxiathc plexuses on the cirotid arteries nro not wanting 
Functional Regulation of the Kasai and Oral Mucous Membranes — 
f he mucous and serous glands m tlic nasal, oral and pli in ngeal mucous 
membranes, like the parotid and inaxjllarj glands, do not secrete contm 
uouslj but are activatetl rtflexlx bj a wide xnnetx of unconditioned and 
conditioned stimuli The oral and pharx ngeal glands, according to Mont 
gomerj and Stuart (1930), respond much more readilj to meclmicai 
stimulation of the oral mucosa than the larger sahvnrx glands ineir 
thresholds for weak food and taste stiiniih, with the exception o! acid, are 
lower than those of the jjarotid and subjmxillarx glands hut the latter 
react more intensely than the former to strong food and taste stimu i 
During periods of w ater deprix ation the gl inds m the mucous meinbr mes 
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maint'liii tlieir norm'll secreton mte longer tlnn the perotid 'intl suhimMl- 
hrj glands , . , 

Refle\ actiMtion ot the ghnds in the mucous membranes prob ibh is 
mediated mainh through the p iristanpathetie neraes The aasoinotor 
reictions in the mucons membrincs are meduted m'linh through the 
s>'inp‘\thetic ner\ Cb 

Observ ations on th( effects of ner\ e stimuhtion on cilnn 'ictn lt^ in the 
ijpper respintorv tnct including the mreb pirticuHrls in the frog h'l^e 
been reported ^ inous m\ ebtigitors. including Mcl-)oinkl ct a! (W27), 
Pohle (1931) ind I ucib (1935) Vetording to Lncis’ * 100011111 , smp'itlietic 
stirtiulation has no efiect on the ino\enient of the c-ilia on the frog s palate 
but p\ras\aTipathctic stimulation elicits accclcrition of cilnn moaeinent 
in this area 

Lxperimental dita reported b\ Biu-hart (193G) support the assumption 
that the ssonpathctic nen es exert a calorogenic influence on the mucous 
membranes means of differential an<l absolute thernioeli ctric measure- 
ments, m animals nhich had been subjected to unilateral cenical sjin- 
pathectom\, he found the mucous incmbrincs gencrallx xiarmer on the 
siTiipathectoraizeil side tlnn on the other but during saonpathetic stim- 
ulation the mmous membrane became, wanner on the normaUx inner- 
lated side tlnn on the snnpathcctomired side The cilorigenic influence 
probably is effected through the s\Tnpatliin liberated 

Although the blood xesseU m the caxernous or erectile tissue in the 
nasal mucosi are inner\ated b^ the same ner'es os those m the idjacent 
mucous membrane this tissue does not alwaxs conform to the xascular 
state of the adjacent mucosi The ciicrnous tis-^ue frequeiitlx becomes 
engorged w hile the mucous membrane is rehtix el% uchemic and frcqiienth 
contracts while the mucous membrane is marKedU hxperemic (Sternberg 
1929) Application to the nas il mucosa of certain pharmacologic agents 
which regulirh cause lupercmia of the mucous membrane results in con- 
traction of the caxernous tissue, consetjuenth , it has been assumed that 
the \essels of the caiernous tissue read to nene stimulition according to 
a mode which differs from tint of the xessds in tlie adjacent mucous 
membrane This assumption is uuw amn ted due to the in itomic relation- 
ships of tile lessels in question 

According to /uckerkandl s (1893) account, the capill irx bed in the 
caxernous tissue is interposed between xems, whereas the capilhrx bed m 
other parts of the nasal miicosv is interposed between arteries and xeins 
TJie blood enters the cavernous bodies from the subepithelial capilhn 
plexus and the more superficial portions of the periglandular plexus In 
view of this arrangement it seems not improbable that reflex stimulation 
which elicits vasoconstriction in the nasal mucosa might prev cut emph ing 
of the capilhrv bed in the caxernous tissue bv contraction of the xems 
« Inch drain it Keflex stimul ition w hich elicits x asodilatation in the nasal 
mucosa on the contrarv probablv results m contraction of the cai ernous 
tissue due to facilitation of the outflow of the blood bx the dilatation of the 
efferent veins 

Innervation of the Salivary Glands —The major siliv arv glands, the 
pirotid, submaxillarv and sublingual, the ducts of which lead into the oral 
caijti are innervated through both parasxonpathetic ind svonpathetic 
nerves iheir parasvmpathetie innervation is derived from the otic and 
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submnMllarv paiiplia, t!i(.ir s^^llp•ltllctlc iinicnntioii from the superior 
ccr\ical s\unpithcti(, pimplm r»a tlit on tin. intcrml nml cttennl 

carotul nrttrits (1 ip 71) 



Parasjnnp'ithetic fibers reach the parotid gland from the otic ganglion 
through the auriculo-temporal neiae The pa^as^^npathetlc innervation 
of the submaxillarj and sublingual glands is deri\ ed from the submaxillarj 
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ganglion and g-inglion cells located within the hilum of the siibmaMlhn 
gland The nen e fiberb reach the glmds through direct rami and a ja the 
Ungual ner\ e Smpathetic fibers rtach the parotid ghnd a la the mternal 
carotid plexus, the submaxillari and sublinguil glands Ma the external 
carotid plexus and the plexus on the external maxillar\ irter\ 

The postganglionic fibers, which suppls the salivars glandb arc mainU 
ummelinated and of small caliber Most of them he m close proxiratt\ to 
the ducts along which tliei rna\ be tnceil into the lobules of the ghnd 
where the\ form plexaiscb on the intralobular ducts Slender strands of 
fibers ma\ be traced from these plexuses onto the aheoh where tbe\ fonn 
periah eohr plexuses (Huber, 1890) According to Dogiel (1S93), Berkele\ 
(189 5) and Huber (189G), some ner\e fibers penetrate the membrana 
propria and terminate in direct relation to the gl ind cells According to 
feaajbm (1933), the fibers winch penetrate the membrana propria form a 
plexus between it md the ghnd cells, from which irise offsets which end in 
terminal enlargements m relation to the ghnd cells 'Hns plexus, which 
includes both paras\*mpathetic and simpathetic fibers is more abundant 
in the parotid gland than m the submaxillari and the sublingual 
Functional Regulation of the Sabrary Glands —Tbe pirotid submaxil- 
lar\ and sublingual glands exhibit secreton actinn mainh while food is 
being eaten and in response to reflex and psi cbic stimulation In the 
ruminants the parotid ghnd exhibits some secretory actiMt' e\cn m the 
absence of food in the mouth and while the animal is at rest In the sheep, 
according to Scheunert and Iruitmin (1921), the parotid ghnd produces 
a continuous flow of ‘salna but the siibmaxillan gland exhibits secreton 
actiMtx onls while the animal is feeding Thex obserxed no secretorx 
output from the submaxilhrx ghnd in tins animal during the interxals 
between feeding exen while cud chewing was m progress Scheunert, 
Ivrzjwxanek and Zimmcnnann (1930) found no exidence of psxchic stim- 
ulation of the parotid ghnd in the sheep and the cow but ino\ ements of 
the lips, tongue and jaws b\ the hungr\ animals in the presence of food 
elicit reflex secretorj actixitx of tlus ghml Cud chewing ilso acts as a 
strong stimulus to parotid actix itx on the chew mg side where is tbe parotid 
on the opposite side is not appreuabix stimulated b\ this process Citing 
of ha\ comraonK elicits parotid actixiti on the thcwing side whereas 


eating of oata or turnips elicits parotid ictixitj on both side^ This stim- 
ulation is essentnlh mechanical Chemical stimulation of salixarx secre- 
tion probablj is unimportant in the ruminants Ihe continuous secretion 
of the parotid m these animah probibl\ is correlated with the functional 
actixitx of the ruminant stomach In the dog the parotid ghnd does not 
react to sx-mpathetic stimulation bx increased secretorx nctixjtx Tbe 
parotid ghnd cells howexer, exhibit characteristic histologic changes fol- 
low mg a penoxl of sjonpathttic stimul ition (Hit^ker 1914) Die secretory 
actixitx of the submaxillarx and sublingual glands is augmented both bx 
parasxonpathetic and sxTupathetn stimulation 
Specific Effects of Nerve Stimulation —The secretorx effects on the 
salixarx ghnds of stimulating their parasxmpathetic and sx-mpithetic 
nenes rcspectneh differ somexxhat m different animals In the dog 
iccord.nR to the rCMiIts of Heidonhams (1S78) chsiicol expenments tho 
sHbmixdhn md sublingin! glind? begin to secrete prompt!} nhen the 
chorda tx-mpam lb Stimulated bx weak induction shocks Bx proper regal a- 
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brouglit about h\ stimul ition of the auriculotemporal ntn e hat a aso- 
constriction due to sjanpathttic stimulation plased an important role in 
these rebults seems liighh probablf On the other hand, Langles (1889) 
has sho\^ n that the secretor\ effect of saanpathetic stimulation on the sub- 
maxillar\ gland is heightened b\ preceding stimulation of the chorda 
taanp ini for a short time This result led him to conclude that parasaan- 
pathetic stimulation increases the irritability of the gland cells It also 
fa^ors the assumption tint the sianpithetic ner\es include true secretori 
fibers to the saluary glands According to Ilolzlohner and Airapctianz 
(1933) heightening of the effect of sMnpathetic stimu! ition on the sub- 
maxillar\ gland b\ preceding stiinuhtion of the chorda tyanpani docs not 
occur if the chorda stimuhtion has been precetletl b\ ssanpathetic stimula- 
tion On the contrari , s\anpatbetic stimulation may fail to elicit an^ 
secretori actmh under these conditions According to Stairaki (1931) 
the augmenting effect of saanpathetic stimulation on the secretorN output 
of the subma\i!lar\ gland in the dog particularl\ after stimulation of the 
chorda tMUpaiii, is in part a mechanical phenomenon due to contraction 
of the gland According to his findings, this gland contains certain con- 
tractile elements the nature of uhieh as \et is imknoun, uhicli are acti- 
^ated bi stimulation of certain of the fibers m the sMupithetic supplv 
In addition to these fibers, the simjiatbctic suppK to the 5uhma\illir\ 
and sublingual ghnds also includes secretorN and i asoinotor fibers 
Knoule<lge of the specific distribution of the s\Tnpatlietjc and para- 
s^’mpathetlc fibers, particularly in the submaxillara gland and the specific 
changes brought about m the gland cells bs sy^npathetic and parasym- 
pathetic stimulation respectuely yyas aJyanced maternlK by the exper- 
imental histologic studies of Hitzker (lOU) According to his findings 
the histologic changea m the mucous cells brought about b\ stimulation 
of the cliord i tyanpam and the eery ic il sympathetic arc similar m cliaractcr 
and indicate heightened secretory ictiMty On the other hand, the 
histologic changes brought aliout in the serous cells are dissimilar 'Ihe 
effect on these cells of stimulation of the chorda tyanpam is manifested b\ 
enlargement and increased granul ition of their cytoplasm The effect of 
sympathetic stimulation is manifested by diminution m the size of these 


cells, decreased granulation of their cytoplasm and a less intense staining 
reaction of the nucleus Simultaneous stimulation of the chorda tyanpam 
and the ccrMcal sympathetic according to Hitzker, results in summation 
of the effects of both nenes on the mucous cells but m interference of the 
sympathetic and parasianpathetic influences with each other on the serous 
celh resulting in enlargement of the cells due to parasyanpatbetie, and 
decreased granulation of their cytoplasm due to sympathetic stimulation, 
and no change in the staining reaction of the nucleus These facts strongly 
suggest that both the mucous and serous cells are mnen ated by both 
pirasMiipathetic and sympathetic fibers Although the effect on the 
mucous cells of stimulation of the cliorda tympani for a giyen mterxal is 
inort marked th ui that of stimulation of the cenical svinpnilutic for an 
tqinl mtcnal the impulses conducted to these cells by parasympathetic 
and syinp ithUic fibers resptctiyeh must affect them m essentially the 
Mine manner Jlu efleet of the parisympathetic ind sympathetic fibers 
respcctncly on tlie serous ceJK must be regarded as antagonistic These 
facts seem to warrint tlie conclusion tint the impulses conducted to the 
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In general, the mere presence of witer it ordmirv tempentures or inert 
substances e g , pebbles, m the mouth does not call forth a flo^ of S 1 ll^ i 
but the s 1 hMr^ glintis react more or less specihcalK to mechanical, 
chemical and thermal stimulation of the oral mucosa On the basis of 
experimental studies, Hejanann (19W) concluded that the oral mucosa 
includes receptors nhich possess a high degree of specificit\ and that those 
which recene certain t^pes of stimuli are not uniformlj distributed The 
reflex response of the sahiarj glands, therefore, Mries with the kind of 
stimulation and the area of the oral mucosa oU etl This probably is an 
important factor in determining the quantitati' e and quahtatn e a anations 
in the sali\ar\ secretion while different kinds of food are being eaten 
Strong afferent stimulation of a somatic nenc c g , the sciatic, results 
not onlv in an increased output of sali\a but also m an increase in the 
organic constituents of the sili\ar\ secretion Section of the ceriical 
s\Tnpathetic trunk does not abolish reflex sah^ar^ secretion but results m 
qualltatl^e changes in the saliva produced on the side of the operation 
Section of the chorda tvmp im aholidics reflex activ it\ of the subma\illar> 
and sublingual glands 

Paralytic Salivary Secretion — Certain of tlie earlier investigators, includ- 
ing Bernard (18G4), Ilcidenbam (1808), Langlev (1885) and Bradford 
(1888), supported the thoorv that the submaxillarv gland exhibits contin- 
uous secretorv activ itv for two weeks or longer following section of the 
chorda tvmpam Svanpatlietic stimulation during this so called paralvtic 
secretorv activitv, according to their observations, resulted m increased 
secretion but section of the cervical svinpatbctic liad no effect on it 
According to Langlev dvspnea augments and apnea inhibits piraljtic 
saliv arv secretion This led liim (Langlej , 189S) to conclude that the gland 
cells which have become h\ perirritable due to depriv ation of their parasian- 
pathetic innerv ation react to the presence of carbon dioxide m the blood 
bj paralvtic secretorv activ itv The fact that such secretorv activ itj 
usually ceases vv ithm three w ceks after ‘action of the nerv e militates ag \inst 
this conclusion Lnilateral section of the chorda tvmpani also is followed 
bv increased secretion of the submaxillarv gland of the opposite side This 
was first observed bv Heidenhain m the dog and later corroborated by 
Langlev (1885) in the cat As obser\c<l bv Heidenhain, section of the 
nerve has no effect on this so-called antiparalv tic sahvarj secretion con- 
sequentb, this phenomenon cannot be associated with hvpenrntabihtv of 
the sahvarv center as suggested bj Langlej, but its real cause remains to 
be discovered 

In experiments reported bv 8eo (1934) the submaxillarj glands m dogs 
failed to exhibit continuous secretory activitv following section of the 
chorda tympani and the lingual nerve and extirpation of the superior 
cervical sympathetic ganglion He observed some secretory activity of 
the glands associated with feeding, which he regarded as a conditioned 
response to the giving of food, consequcntlv , he interpreted his findings as 
opposed to the theorv of paraljtie secretion Inasmuch as secretory 
activ itj associated with feeding was not abohslied bv the operative pro- 
cedures referred to how ev er, his findings do not afford conclusn e ev idence 
that the submaxillarv gland cannot secrete m the absence of nerv e impulses 

in experiments on cats reported b\ Fleming and Ivlacmtosh (1935) tlie 
secretorv response of the submaxillarv gland to sianpathetic stimulation 
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\\ ns fjrcntli incrcnswl folln\N inp ckpencrntJon of tlie chorda t^^npanl Tluj 
interpreted this result ns indicatinp true hciplittnwl irritnhihtj of tlie 
secrctor\ cells to s\mpathctic stiiinilntioii 
Effects of Drugs on Salivary Secretion — Intrn\cnous injection of adrenin 
brings about a innrkcil mertnse m the prorliiction of snlnn in the cat 
(Inngle\, 1001, 1002) The cITcct of adrenin on sah\nr\ secretion is less 
inarkid in the dog and rabbit ant! absent in man (Haticr, 1912) Pilocsr 
pint nctt^lchoh^c, ncctNl bttnMncllolehohnt chloride nnd other pirssMn 
pathoinimctic substances also clitit incrensctl sdnnr\ secrctor\ nctuits 
Atropine in moderate doses abolishes the influence of the parnsvinpa 
thetic but not of the s\mpithctic ner\es on silnar\ secretion hrgo- 
toMiic abolishes the cfTect of the sMnpitbctic but not tint of the pansNin 
pathetic ncr\cs on the subnin\dlar\ gland (Dale, 1900) 

Tollowing unilatcrnl degeneration of the chorth tnnpani m the cat 
pilocarpine and acct\ Icholmt stimulate the nonnallv mncrxatwl suhinml 
iar^ ghnd more strongh than t!io paml\lic one (I Icining and Macintosh 
1935) Pierce nnd (tregorson (1037) rcjiortwl increased scnsiti\it\ of the 
suhinnxillnr\ gland m tlie dog to pilocarpine a feu daxs after section of the 
chorda tnnpani 'Ihc apparent discrcpaiicN between the results obtained 
m these two senes of c\poninents proliabh c-m be cxplainctl on the basis of 
the diflcrcnccm the tune intcraals following section of the chorda tvmpani 
Innervation of the Teeth —'riie teeth art nhiindanth mneraated through 
afTcrent ner\c fiiurs winch arc maiiiK components of the nlviolar ranu of 
the trigeminal nerves T he distribution of the afferent fibers in the dental 
pulp has been <lescril)cd In various investigators including Ixswmskv and 
Stewart (1933 193S) IJcrkcUmtlivandorSprenkcl (193G) llmshear (1937) 
and Piegs (193S) Plicse fillers form nn nliunilant pkxifomi structure m 
relation to the odontoblasts nnd, according to some of the accounts some 
nerve fibers terminate m relation to the distal proccsso of odontoblasts 
which traverse the tlentinal canals If the oilontohlasts mnv be reganled 
ns receptive cells this arrangement would rendilv ccplam the sensitivitv of 
the dentine AfTcrent nerv e fillers also supplj the peridental memhnne 
Ihe occurrence of svanpathctic nerve fibers m the dental pulp and the 
peridental membrane lias been nmplv demonstrated (nerkcUiach 
bprcnkel, 1930 Wnsscnnnn 1839, Bradlaw 1039, Christensen 1910) 
According to Chnstciiscn’s account, s\’nipathctic nene fillers join the 
alveolar nerves via the plexus on the external carotid arterv ami its 
branches \s determined hj dcgenerition experiments relativel> fe^ 
svanpathctic fibers nctunllv enter the deutnl pulp ^^ltlun the pulp most 
of these remain closclv assocmtctl with the blood vessels Svanpathctic 
fibers also enter the peridental mcinhrmc along the blood vesseK riiese 
fibers probahlj are distributed mninij to the vascular musculature 

Innervation of the Hypophysis —Ihe hv^ioplivsis is innervated throiistn 
nerve fibers which are nbundantlj distributed throughout the posterior 
lobe and less abundant^ throughout the anterior lobe The numbers o 
fibers m the posterior lobe bear no direct relationship to the degree o 
vasculantv of the part in question (Croll, 1928) jNfost of these 
derived dircctlv from the supraoptic and paraventricular hvpothahraic 
nuclei the floor of the third ventricle nnd the lateral regions of the tu ^ 
cmereuin (Pines 1925, Greving 1925, Stengel, 192G, Cushing U 
Fisher et al , 1935) Sjaupathetic fibers denv ed from the carotic plexuses, 
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mimh -Ml the c-i-vernous plexits, ln‘l^ be traced mto the capsule of the 
h\poplnsis particulath on the upper surface of the anterior lobe CRasinus- 
sen, 1938) i\Ian\ of these fibers enter the gland along blood ^essels and 
some of them apparenth terminate m relation to gland cells (Berhlej, 
1894, Dandj , 1913, Pines, 1925,, Croll, 1928, Hair, 1938) Fibers arising 
from cephalic parasvmpathetic ganglia probabb pla\ no part in the inner- 
i ation of the h\ poplu sis (Ilair and Mezen, 1939) 

In an intensn e stiidj based on preparations of human material, Rasmus- 
sen (1938) found that not fewer than 50,000 unm%ehnatcd ner\e fibers of 
small caliber extend from the In pothal imus into the infundibulum Most 
of these appear to be distnbutetl to the posterior lobe, and relatiieli few 
enter the anterior lohe through the pars intermedia The number of those 
which penetrate mto the anterior lobe is regarded b\ Rasmussen as 
negligible 

As the sianpathetic fibers denied from the caiernous plexus approach 
the hi pophi SIS according to Rasmussen thei form a bundle along either 
lateral aspect of the infundibular stalk Mam of them penetrate deeplv 
into the anterior lobe where some become associated with blood lessels 
and some ramifj among the gland cells Strands of fibers which deiiate 
from the bundles along the infundibulum extend downward and forward 
in the capsule From these strands, fibers enter the substance of the 
anterior lobe in small numbers at manv points Some of these fibers also 
ramifj among gland cells but rclatiiel> large portions of the anterior lobe 
appear to be dei oid of ncri e fibers 

Regulation of Hypophyseal Functions —Much of tlie secreton actiiit} 
of the hipophisis is regulated through hormonal agents and probabli is 
independent of none impulses Data bearing dircctli on the influence of 
none impulses in hipophiseal functions are meager but certain data 
indicate clearli that some hipophiseal functions are subject to regulatori 
influences exerted through h> pothalomico-hi’pophi seal fibers and some 
through the smpathetic inneri ation of the gland 

The influence on the production of the antidiuretic hormone m the 
posterior liipophiseal lobe of ne^^c impulses emanating from the hypo- 
thalamus through the hiTJothalamico-hypophiseal tract and the effect of 
interruption of this tract on water and fat metabolism are discussed in 


Chapter IV The release of gonadotropic hormone from the anterior 
hjophyseal lobe in response to electrical stimulation of the hipothahmus 
also has been demonstrated (Marshall and ^arne^, 1936 Hams, 1937, 
Ilaterms 1938) Section of the infundibulum results m immediate dis- 
turbance of \ anous anterior lobe functions in some degree Fisher, Ingram 
and Ranson (1938) reported that female cats with small hiTJothalamic 
lesions which interrupted tlie In pothalamico hi'pophiseal tract, thus caus- 
ing diabetes insipidus, were neier obsened to come into heat and did not 
breed m the laboraton Disturbances of the reproductiie functions asso- 
ciated with damage to the hi pothalamico-hi pophi seal tract particularli 
111 female guinea pigs Ini e been reported in greater detail bi Dei Fisher 
Bern and Ranson (1940) ’ 

In experiments on fibbits, reported bt Brooks (1038), oiuhtion, nhidi 
nomnlli occurs onl\ sfter coitus in these ‘inimtls ms ibolisbed b\ tran- 
section of tlie infundibulum In experiments on Runiea pins, in iihich 
oiuhtlou occurs spontancousli , as reported b\ Derap^ei (1939), this 
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function utiH not (hsturbwl h\ tmn<mtJon of tJic infumlihulum OiuJa 
tion mating prcg]mni.>, pnrtwntjon and inctntjon m nti nitli the m 
funilifmlnr stalk mtcrruptcd nlw })a\c Itccu rcjwrttxl {Uotih, 1939) 

In \ lew of these «n<l other cxpCTimcntal data it ma^ he assumed that 
tlio mtegnt) of t!ic In jKitlmfamico-hjpophjscnl tract is not essentia! for 
the nnnnal functioning of the anterior Inpoplnscil lobe m nnimnh Inmg 
under onlumrv conditions 'I he gnti'nlotropic, tlnrotropic, ndrenocortico' 
tropic, grouth and prohahh lactotropic hormones appirentl> ina> be 
sw reted in sufficitiit (piantitv , m the aWnce of ncr\ c impulses emanating 
from the Inpothalamus to supplj the normal rccjuircmcnts of the rcspec 
tnc end-organs Ihc functional rhvthm of the anterior lol>e, hoacier 
miu he modifinl m certain cnMnmmentn! sitintions In none iinpul'cs 
which reach the InpopIn'ilH throngii the lnpoth'ilnmico-h37)opln seal tract 

The scisonnl nproductnc artnities of ^nrlou» species of hutls and 
mammals ha^ e nccupie<l the attention of not a few im cstigators particulath 
<liiring tlic past deca<lt 'I lie iiccmnidatcil data seem to support the 
assumption that tlic resumption of goimdd iitnitN m the spring in thb« 
species is nssociattsl with the mercasmg ilailv ilhiminatinn (llmgocn and 
Kirschhaum 1917, 1939, Uih\, 1917, and others) Light olninush is a 
stimulating factor m the pwKhiction of the gimmlotnipic anterior h\•poph^ 
sell hormone \ccordmg to Schnrrcr (1917), light impulses winch reach 
the hipothnlaimH m i\ nlft'Ct the entire nutojmmic s\*tc'manil lJiU5pla\ a 
role m the das-niglit rh\tlnn 'riirongh the h^p^)tllaIamJco-h>poph^^r^l 
tract thcN exert a slnnuhtmg mflnenct on xnnons lnpoph>«eal functions 
pxrticularU the production of the gonadotropic hormone, tlius effecting 
memsed gonnilnl acta its 

llic effect of Inpotlnhmic impuKcs m the regulation of hods tcraper 
nlure seems to he exerted m pirt through the ln^)OthnIannco-!l\■poph\‘=«ll 
tract In experiments on dogs rcporttxl h\ llnnmgwnN Knsmussen 
H ismussen and ikoff {19-10), transection of the inftmdihuhim resulted in 
a persistent In pcrtliennin the IkkIx tempenture Iieing tio nted 0 5 to 1 0 
degree nboxc the normil lex cl The opcr«te<l animals metexi nonnallj to 
cold hut. due to their continuous clexnted tempentures the tbrcsliold 
tcmpentiircs for shixering and peripheral x asoconstriction xxere elexited 
to the same degree ns hmL temperature Ihei were somexxhat In^r 
sensitixe to heat, is mdicat^bj thcmeasurcil diathermx heat required to 
cause panting ami {wnpheral \ nsodilntntion and the casual obscrx ition 
tint thej panted more frcqutntlx than normal dogs 

The sjanpathetic nerxes probablj exert no direct mfluenee on 
seal functions except m the anterior lobe In experiments on 
reported bj Fncilgood and Pincus (IDS'?) the rate of production of the 
gonadotropic hormone xxas »icrcase<l b^ faradic stimulation of the sxm 
pathetic nerxes to tlie hxpophxsis UMSoliseriation supports the 
tion that the sxmpathetic nerx cs ma^ be responsible at least m part for the 
stimulation of the anterior hxpophjseal lobe during coitus which in w 
female rabbit results in the release of its gonadotropic hormone in mcrea<?ea 
amounts 



CHAPTER XMI 

SY3IP\THETIC ^ER^'ES IN RELATION TO SKELETAL ilL'SCLE 

Anatomic Data — Tht ccrebrospunl ner\es through i\liich the skeletal 
mubcles ire inner\atcd ire tra\erbtd b\ numerous s\'mpathetic nene 
fibers which innerMte blood -scsscls ind other periphenl tissues Min\ 
sMiipathetic ner\e fibers, con^equentK , he in pro\injit\ to skelctil muscle 
fibers Certim recorded obserMtions also support the assumption that 
SNinpithetic ner\ e fibers ictuilb effect functioml connections w itli skeletal 
muscle fibers Among the eirh m\ esligitors who described ner\e fibers 
morphologicilK similar to sMupathetic fibers m skeletal muscles rai\ be 
mentioned Tschiriew (1879), Bremer (1882), Huber and De Witt (1897, 
1900) Ruffini (1900), Dogiel (1902), Perroncito (1901, 1902) Gemelh 
(1905) and Botezat (1906) The most significant anatomic data m sup- 
port of the \ lew that the skeletal muscles are mner\ ated through s^^npath- 
etic fibers ln\e been adianced b\ Bockc and lus associates As earl\ as 
1909 Boeke recognized the existence in skeletal mu'cles of a s^stem of fine 
unmielmated nene fibers winch appeared to be quite independent of the 
cerebrospinal nerie fibers In a senes of later papers (lOll-ISIS) he 
discussed this “accesson ’ sistera more fulh and advanced the opinion 
that its constituent fibers belong to the autonomic nerv ous s\ stem 

In order to determine the origin of the fibers in question more accuratelv , 
he ittacked the problem b\ experimental methods In one senes of exper- 
iments (1910, 1917) one or another of the nerves suppKing the extrinsic 
muscles of the ev e w is resected close to its origin from the brain Tliree to 
five davs were allowed for the degeneration of tlie divided fibers The 
inimal w as then Killed and the ocular muscles prepared for studv according 
to the Bielschow skv method A careful studv of these preparations showed 
tint the medulKted nerve fibers and their terminal structures were under- 
going degenerition, but the immvelinatcd acces^or^" fibers witli their 
hj-polemmal endings on the muscle fibers remained intact Sections of the 
extrinsic oculir muscles prepared after degeneration of the svanpathetic 
fibers following extirpation of the superior cervical svmpithetic ganglion 
also showed intact unmvelinated fibers, but m reduced numbers Boeke, 
therefore, concluded that the unmvelinated nerve fibers observed in prep- 
arations o! the extrinsic ev e muscles are autonomic but most of them arise 
in a crania! autonomic ganglion 

In a further experiment il studv earned out bv Boeke and Dusser 
de Barenne (1919), both anterior and posterior roots of the sLxth to the 
ninth thoncic nerves inclusive were resected and the corresponding spinal 
ganglia extirpated The animals (cat) were killed one month after oper- 
ation In order to avoid confusion due to overlapping of the areas of 
distribution of the intercostal nerves, muscle tissue to be prepared for 
studv was taken from the seventh intercostal spice Preparations of this 
tissue showed neither intact mvelmated nerve fibers nor the motor end- 
plates associated w ith them but fine uninv elinated nene fibers terminating 
on muscle fibers bv means of delicate end rmgs, end loops or end-nets w ere 

(3o7) 
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present In a icw of tlie cnnditioiw of the experiments, tlie conclusion that 
tile unin\elmntc<l filers in qnustion nrt snnpitlietic in on^jin could hanlh 
be n\ oidctl 

In n snmlnr oxpcruntntal inxtstiftntion. Apilulir (1019) cxrtminwl prop- 
iintions of certain of tlie srnnll muscles of tin cxtrtinities, pirticulxrli the 
nitcrossei in the c it Mhw wr ticf.tmntum of tiit «rp:n^I nm t fibers Ifr> 
fmdinj^s m penerd airroboritisl the eirliir findmps of IJntke Kiintz and 
Kerper (lOJI) nnd Kunt/ (1927) also neortleil data olitainod in expen 
mental studies similar to those of llockc nnd Apdtdir w bith tlitx interpreted 
ns mdicntinp the existence of fibers of snnpitbctic oripin with terminal 
structures on muscle fibers m the intercostal inu''clcs, the muscles of 
mastication ntul musties of the extremities in the dop 

On the basis of n rt\ii-w of his c'lrJier work and further axpenmcntal 
data ineludinp the results of iiixostipations cimcxl out h\ otlicrs, partic- 
uhrlv those inxohiiip depcnerntioti of the txirebrospinn! nerxe fibers 
Ilockc (1927) exmeludixl tint the morpliolopic data nxnilahlc show unmis- 
fsknhlc that skeletal muscles are Mippliesl witli sunpsthctic ns well as 
sensorN and motor exrtlirosjmml ncr\e fibers Vnkanislu (1932) al o 
reported the existence of unmNelmntexI fillers of ixTnpitlictie origin in the 
muscles of the posterior extremities of the frog after dtgcnention of the 
spinal iicr\e fibers 

The results of certain otlier histologic studies, particulnrlv those of 
Kulschitskx (1924) Iluntcraiid Ijithnm (192)), Kurt rfof (192)) Garsen 
(192)) and Stcfnnelh (1929), also sH/>|)ort t))i tlicon tint sktJctsI inuscles 
are supplied witli fibers of smipuhetic origin but innsinueh ns tlie^ are 
based on prepantums of normally imicr\atc<l musclcs tbc\ nre less con 
X mcmg tinn tlie results of the tx|)cnmcntnl inatoinic studies cited nbo'c 

In spite of the xolume of nnntomic oruf physiologic data which scent to 
support the lnpothc*sis that smipitlictic ncr\e fibers cfTcct functional 
connections x\itli skeletal musclcs, this concept has not been unucrsalh 
accepted Murmx (1924) found no cxielcnce which supports it m his studv 
of preparations of the limb imncles of the frog I nngx'ortln (1924) found 
no intact nerxc fibers except tliose nssocinted witli the blood xosseb ut 
prepar itions of the muscles of tlie cat’s tongue follow mg bilateral section 
of the lixpoplixsca) nerxe llmsex (1927) attempted to show tint most 
of the recorded obserxations which linxc l»ccn interpreted as supporting 
the theory of the syanpatlictic mnerxntion of skeletd muscles could be 
interpreted quite as well in some other wax lie suggested that the fine 
Unmyelinated nene fibers ol>verxc<I in preparations of skeletal muscle 
following dcgeneratixe section of the cerebrospinal nerxe fibers may be 
either unmyelinated branches of sensory or motor fibers which haxe not 
Undergone degeneration, or rcgencmtmg somntic motor fibers limes and 
Toxxer (1928) found no exidenccof the existence of nerxc fibers of sympatn 
etic origin winch terminate m relation to skeletal muscle fibers In a more 
comprehensix e stud\ of the innerxntion of limb muscles in cats, dogs and 
goats m normal material, syonpathetically denerx ated material and materia 
m xvhich each of the tlirec components of the inncrx ation, viz , the sensory » 
motor and sympathetic nerxe fibers had been isolated by degenentixe 
section of the other two using the methylene-blue, Bielschowskx s siher 
and Ranx ler s gold chloride teehaics Tower (1931) again found no evidence 
of sympathetic ner\ e fiber terminations on skeletal muscle fibers and a 
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^anced certim dat*^ ^shich she mterpreted as indicating that the nene 
fibers T\luch supple the blood \ea'.eU and the striated muscle fibers respec- 
tnelj are derned from the intramu‘!cular nerae trunks separatel\ and do 
not communicate at an\ point m their peripheral distribution 

A\ilkin^on (1929) reported that he had criticalh examined «;ome of the 
original preparations of Doeke and \pd«hr t e , some of the preparations 
which represent the principal ai aihble histologic e\ idence of the s\-mpath- 
etic inner\ation of skeletd muscles, and found them unconMncmg ^^Ith 
regard to Boekes findings in preparations of the e\e muscles following 
section of them som itic ner\ e suppK , he mamtamed that there w ere certain 
sources of error which Boeke failed to aaoid particularU the short period 
allowed for the degeneration of the somatic ner%e fibers the possible 
existence of ganglion cells along the iierxe trunks distal to the point of 
'lection and the existence of fine epilemmal endmgs of propnoceptii e neia e 
fibers He interpreted the ner\ e endings in the c' e muscles w Inch Boeke 
described as the terminations of sNinpathetic or parasv-mpathetic fibers as 
terminations m the arborizations of propnoceptiae sensor\ fibers The 
findings of Boeke and Dus'^cr de Barenne in preparations of intercostal 
muscles m which the spinal nerae fibers had undergone degeneration he 
asserted cannot be accepted \\ith regard to Agdubrs prepantions, 
which were taken from kittens after allowing five to sl\ da\s for the degen- 
eration of the somatic nene fibers he stated that the endings which this 
mxestigator regarded as those of fibers of a\inpathetic origin are normal 
endings of m^ellnated somatic motor fibers In another stiidi (1930) in 
which he aNowedli attempted “to repeat the work of Boeke and Agdiihr 
if possible in a more comprehensi'e manner” he again fai!e<l to cor- 
roborate the findings of the^e in\ esticators In still another paper (^^ ilkm- 
son 1934) which embodies the results of further experimental studies, he 
again reported onh negati\ e findings regarding the existence of a sianpatli- 
etic mnenntion of skeletal mu-cles 

Coates and Tiegs (1931) found no sainpathetic fibers except tho'^e which 
supplj the blood acssels m preparations of muscles of the hmd limb of a 
dog eight and a half daas after section of both roots of the lumbar and 
sacral ner\e&, lemng the communicating rami intact In preparations of 
muscles of the fore-limb of a dog taken tlurt\-eight da\‘' after extu-pation 
of the inferior ceraical snnpathetic ganglion the\ foimd no nene supph 
to the blood xes^els but recognized certain terminal structiua.s which the> 
regarded as identical witii those of the accessorx fibers of ^gdiihr and 
others These the^ interpreted as the terminations of br inches of somitic 
fibers 


The negatne findings recorded abo\e regarding the existence of a 
sxTupathetic ner\e supph to skeletal mu'icles cannot be disregarded but 
thei neither pro^e the non-existence of such a nene suppK nor disproie 
the positne findings of Boeke and others That the Dutch in\ e^tigators 
should ha\ e fallen into the particular errors attributed to them b\ ilkin- 
■^on seems improbable Boeke (1930) ab-o called attention to the dis^im- 
ihriU between certain of his published drawings and those of Wilkm^on 
which presumabh were made from the same preparations and pomted 
out that the latter do not illustrate correcth the structures m question and 
m jnt instances are misleading In x lew of Boeke s extensii e experience 
with histologic technic and m the mttrpretation of histologic preparations. 
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)»5 caUu'fjn of '\\ilkjnv>»'>?«ork/Jo« not inspire confiflcncc m thchtters 
findings 

In Boeke’s (lO'J'1, 10^7) later imcstiRntiot^ of ti>c inner\ ation of skeletal 
muscles, lie dc<.rd>c<I in immitc detnt! n plt'cifonn structure made up of 
amistomoauifi: hands of txtremeU dcimitc nturofibnllnr stnnds Tihich 
encircle awl cn\ elope the muscle filM.rs mu! nre so elosth appliwl to thcia 
that thev appear to l>c nearl\ imltcddeHl m the sarcoJemma \t “ome 
points the^c strands nctualh he in the same planes «s the strntions of tb 
musele fillers (1 if» 72) 'Ihis plcxifonw biruclure, as Ihieke has pojntei 
out olnmusix Ins not lieen ol»scr\c<l in tiie pnparvtions studied In an\ 



Fio 73 -Re<lrft«-n from Bwfkc (1033) lo Uhiilnitfl his concept of the ej-mpathetic tcrnwnal 
fitructure jn retsUon to Arletal oniscto find its capiUary s csseU 


of the m\ estigators who faded to find et idence of the existence of 
thetic fibers tt Inch terminate in relation to skeletal muscle fibers He 
faded to ob^ert e it in his on n c irhcr studies After heJiad become fami^ 
w ith Its structural charaetcre and statmng reactions m material prepared 
according to improsed icclmical methods, lie recognized it at least m some 
areas m his older preparations He tlierefore, expressed the opinion tna 
failure on the part of some m\ estigators to ob-jcrxe fibers of sjanpi^c ic 
origin which terminate m relation to skeletal muscle fibers has been due a 
least m part to faulty technic consequentlj , their negati'e 
hav e little w eight as compared v> ith the positi' t findings reported o' ni 
self and others 
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The exibtence in the muscle^ of the tongue 1927) inti fice 

(Sakurasaw a, 1927) and the extrinsic musclcb of the e\e (Suniga, 1920 
of parasMnpathetic fibers has been maintained on the basis of histologic 
changes obser\ed m these muscles follomng pa^as^^npathectom\ Kure 
et al (1928, 1930) ad\anced data%\hich tlie\ interpreted as indicating the 
existence of efferent fibers m the dorsal roots of the spinal ner\ es On the 
basis of these findings and the histologic changes which they claim to ha\ e 
obser\ed in muscles of the hind limbs following section of the dorsal roots 
of the lumbar ner^ es or remov al of the spinal gangli i, Ivure and his asso- 
ciates ha\e ad\ance<l the opinion that the muscles of the extremities also 
are inner\ated through paras\anpathetic ner\e^ In Mew of the negatne 
results obtained in repeated attempts to demonstrate the existence of 
efferent fibers in the dorsal spinal ner\e roots this point of Mew cannot be 
supported 

Physiologic Data —Sympathetic Nerves and Muscle Tonus — General Ex- 
perimental Data —The earliest m\ estigators who undertook to studj the 
effects of s^anpathetic ne^^e impulses on skeletal muscles b\ the use of 
phssiologic and experimental methods quite naturall\ surmised that an\ 
influence exerted on skeletal muscles through the SNinpathetic nerves must 
affect muscle tonus On the basis of experimental studies earned out 
raamlv on frogs de Boor (1918) advanced the theory that the tonus of 
skeletal muscles is mediated solelv through the svinpithetic nerves 
•Although this theorv obviouslv is erroneous the expernnental findings 
reported bv de Boer focussed attention on the svmpathetic nerves as a 
possible factor m the regulation of muscle tonus 
Langelaan (1915) advanced the theorv that muscle tonus comprises a 
'contractile component concerned with movement and the assumption 
of posture, and a ‘plastic’ component concerned with the maintenance of 
issumed posture, the former being mediated through the cerebrospinal, 
the latter through the svmpathetic nerves- On the basis of an extensive 
series of experiments earned out on frogs, he (1922) concluded that muscles 
(kprixed o! their svmpathetic innervation lose mucli of their plasticitv, 
the effect of which is most apparent m the attitudes of the animal In a 
later paper (Langelaan 1931) he reported permanent hvpotonus of the 
muscles of the corresponding hind limb of a cat two tears after unilateral 


extirpation of the lumbar segments of the syanpathetic trunk, which he 
regarded as due to the loss of the plastic component Experimental data 
reported b\ Lopez and von Bruckc (1910), Dusser de Barenne (1910), 
balek and \\eitbrecht (1920) and ^laumarv (1922) also support the 
assumption that svanpathetic denervation results m diminution of tonus 
in the skeletal muscle in the area affected The concept of contractile and 
plastic tonus as distinct components mediated through separate systems 
of nen e fibers although not supported b\ the results of later mv estigations 
plavcd an important role m manv of the subsequent discussions of muscle 
tonus as related to the svanpathetic nerves 
In contrast to the observations cited above, manv investigators, mclud- 
Takahasin (1922) Nmton (1924), Coman (1926), To\%er 
(1920), Toner and Hmes (1929), Bisgard (1931) and others using ranous 
mammals as the experimental animals have failed, hv direct methods of 
obsemtion to detect e\en a temporan diminution m the tonus of the 
corresponding limb muscles follow mg svmpathetic denervation On the 
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other ]nn<l Tulton {102S) reported well innrke<1 dnnirmtmn of tonus m 
the imischa of t!ie ln\\<r extremity m ft pititnt fr>!lo^%mg himhir 5 >in 
pithcctoTuv AfcCollaph Mclnddtn flmi AIilm% (10^0) nJw reported 
npprtcml)le dinnnutjrm of toiuin in the corresponding <iutidnccp^ femora 
innsclc m tlic dog following undfttirnl iumhnr«i>inpithcctoTn\ 

In cxptrnnental studies on tatn mid <!og'i, Knntr fln<I Kerper (1920) 
f«ule<l except pos<?ihK in n ftw cases, following '»^^nplthctlc denervation of 
a hmh to dt tcct n dunmntKin of tonus in the muscles of lliat iimh hv direct 
ohserv ition or palpation of the mnsetes while the tmunal was in the waking 
btatc When the annnal was s«hject«l to surgical imesthena the mu.cle’ 
of tile Iiinh <itpri\<sl of its svanpathctic innervation liccame more flaaid 
than those of the otiicr hmhs Wlicn the nnimal, iindtr deep anesthe'ia 
rested on its hick in a svanmetned j>f>sjlion that the force of gravih 
acted c(juall\ on tin Imihs on Imth sides and postural reflexes due to an 
asjaninctrical position <if the hend mid neck were ohvntctl the limb 
<lcpn\o<i of Its sjnipathctic imiervatinn almost invariihlv dropped to a 
lower jKisUion than the one on the opjiositt side In the case of either the 
fore or hind limlw, tlie difltrcncc in the |>osture of the Imih deprived of its 
sjanpathctic innervation and the one on the opposite side was suflicientlv 
well marked, under these conditions, to l>t casilv ohscrvwl TIjl ph^ 
nomcnon could lie demonstrated m nil Imt n few anmmls m a rclativdv 
large senes Coates and 1 icgs (1^2S) faded to corrolxintc tliose finding! 
m a senes of five dogs 

On the basis of a senes of experiments earned out on birds (fowb and 
sen gulls), IIllnt^^ (1021) rcportwl that ihcndductwl position clnnctcrbtic 
of tlio wing at rest is no longer ftillv nuuntmnnl following section ol the 
svanpathetic tnmk mmicdiUcIv cnudal to the roots of the nerves which 
m ike up the hrachial plexus He interprctixl this result as indicating that 
the plastic tonus of the w mg muscles is mnliated througli their svanpathctic 
innervation lollowing section of the dorsd roots of the lower four 
cervical ncrvis, lit found that the wing exhihiteil a tendenev to rtmain m 
anj position m wlnclut was pas^sncK plncwl T Ins ht regarded as due to 
the plastic component of tonus medmtcil through the svanpathctic nerves 
rollowing section of the svanpathctic trunk just below the brachial plexus, 
and the dorsal roots of tiit lower four cervical nerves, ht found that the 
wmg tended to hang dependent Tins he rcgirdtxl as due mamlj to the 
loss of plastic tonite JJuntcr mterprcteil thcNO findings as proving coa 
clusivclj that the plastic tonus of the wmg muscles is mediited through j 
their sjanpathetic inncrv ntion . 

In a series of experiments carried out on fowls and pigeons Kuntzami 
Kerper (1925) corroborated moat of thi. obsenntions of Hunter cited 
flbov e Section of the svanpathctic trunk just below the brachial plexus 
did not result in appreciable drooping of the wing m all cases, particulars 
if the operation w as tamed out w itli minimum traumatic injurj to the 
nerves of the brachial plexus Coates and Tiegs (1928) ol&o reported that 
section of the svampathttic trunk below the braehial plexus m their exper 
iments, did not result in appreciable drooping of th( vxing when the proper 
operative precautions were observed Tiegs (1^31) reported that division 
of the preganglionic fibers suppKing the wing of tlie pigeon did not result 
in drooping of the wmg even when the possibihtv of reflex compensation 
bj somatic nerv es vv as eliminated bj section of the dorsal roots of the 
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nerves ot the bnclinl plexus According to \in Dljk (1930), section of 
the snnpithetic trunk or the dorsil root of the first thoricic ner\ c in the 
pigeon, results m abduction of the unng and lonenng of its tip, particuhrU 
after exercise He (1932) al^o reported a marked difference in the tonic 
state of the muscles of the bird’s wing following section onl\ of its afferent 
nerve supplv and following svonpathetic denervation in addition to section 
of the afferent nerv e fibers In the former condition, the w mg, when sup- 
ported in a folded and high position, according to his account, remains in 
that position when the support is withdrawn, in the latter, it assumes a 
more dependent posture when the support is w ithdravvn 
A\e do not now regxrd the tendencv of the wing to remain m whatever 
position it IS passivelv placed, following section of the dorsal roots of the 
nerves of the brachial plexus as due to a component of tonus which is 
mediated through the svmpathetic nerves but rather as the result of the 
loss of the sense of position of the wing due to interruption of the pro- 
prioceptive fibers in the dorsal nerve roots The muscles of the dcaffer- 
ented wing are not atonic If the wing is drawn down to the fullv depen- 
dent position and somewhat aw av from the bird’s bodv , it does not remain 
m that position when released but recoils to the bird’s side It also is 
subject to voluntarv control and mav at am time be replaced voUintanU 
into its normal position 

Popa and Popa (1931) a(lvance<l anatomic evidence of the existence of 
preganglionic fibers in the cervical nerves m the pigeon and corresponding 
ganglion cell groups m the cerv ical svanpathetic trunk In tlie liglit of these 
findings the\ cut the communiciting rami of tlie lower four cervical and 
the first thoracic nerves in order to deprive the wing completelv of its 
svanpathetic innervation ^Mien this operation was earned out on one 
side, with minimum traumitic injurv to the nerves of the bnchiai plexus 
and the same operation, without section of the cominuniciting rami was 
earned out on the opposite side the wing on the svonpathcctomized side 
drooped whereas the other momtamed its normal position The drooping 
of the svonpathectomized wing rein lined constant for thirtv five months 
in one bird and at least tw elv e months in another 

The apparent reduction m the tonus of the resting vv mg muscles m these 
instances cannot he explained as the result of injurv to the nerves of the 
brachial plexus since cart was taken to avoid injurv to these nerves and 
the corresponding nerves on the opposite side were treated m the same 
manner except tint their communicating rami were not divided Am 
slight mjurv which might hav e been suffered bv these nerv es, furthermore 
would have been fullv repaired long before the close of the long periods 
reported during which the resting wings maintained the drooping positions 
The discoverv bv Popa and Popa of preganglionic fibers in the cervical 
nerv es in the pigeon must be regarded os highlv significant since it affords 
an anatomic basis for the explanation of the discrepancies in the results of 
the experiments referred to above m which attempts were made to deprive 
the bird s wing of its svanpathetic innervation In the light of this dis- 
cov erv , it is ev ident that the vv mg was not w hollj depnv ed of its sv mpath- 
etic innervation in most of the expenments in question The results of 
these experiment, therefore m as far as thev have anv bearing on the 
problem of muscle tonus can hav e but little v alue 
Ducccbclii (1922 1925) reported marked diminution of the postural 
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tonus of the cxtcn\ \\ c'\r it\ rnl>htt<<, follow extirpation of the ‘UJperior 
cerMcal s\mp\thctic ganglion hut pomtetl out clcarlv tint a ilifTcrcncem 
the posture of the two external iar>, following unilateral extirpation of the 
superior ccr\ iciil bnujnthetie gniiglmn, U9unli> eniinot be obscre ed unless 
the anininl is nt rest or fiedmg in nn undisturlieil condition He also 
o!)scr\cil tint the cstcrnfll niuhtorj wicatus Ins n somewhat greitcrdiam 
eter on tlic side of the operation thm on the opposite side while the animal 
13 at rest Ilintze and Seager (1029) obscr^exl temporary drooping of the 
rabbits car following cerncal sMiipathtctonn , but amcluded that the 
snnpithetic ner\ti normalli pht no jnrt in the tonus of the external ear 
nuiselts 

1 ndmin (lOll) rejiortnl the results of n large series of cxpcninents m 
which snnpathctic stunulatinn resuUwl u\ increasing muscle tonus m most 
cases In cxperiiiunts rtp<»rti<l h\ Sp\ chain s\mpathclic stimula 

tion resulusl m strengtliening the quiwfrMrps reflex m dogs with the spinal 
cord transected nt the tenth thoncie level I’ressurt on the carotid sinus 
in int ut nnimnis, in his exi>cnnunts, rcaultc^l ni wc ikcning the quadriceps 
reflex In experiments rc{Kirtc<l l>v Mies (IDhl). stimulation of the aortic 
and carotid smiis nerves m rnhhits roultesl m dunnmtion of muscle tonus 
and vcetion of these nerves resultesl in increasing muscle tonus llie former 
elTect w as reg irded ns brought ahont thnmgh lowering of the svanpathctic 
tonus line to stimulation of tltc aortic and carotid smus nerves, the latter, 
through mere i«o<l sv mpathetic tonus due to the nbstnee of unpuhes from 
tlic aorta and carotid Mm^es 'llieso results wort not nhtnincq when the 
anim iK were anc^^thctuesl w ith Mfcthmic 

ra'prrimrnt.s /iini/riii*; })c<rrcbTatf /{iipdifi/ —'l*he ch inetcnstic posture 
of the hmhs of in uunuvl'v in u state of ilccerchratc ripditv h well known 
It has been assumed hv some that if muscle tonus is mediated solclv or m 
part through the svanpithctic ntrvcH bvmpathctic denervation of ft hmb 
either would prevent the onset of dcccrchratc rigiditv in that hmb or bring 
about a diminution m the degree of rigiditv uxhibitctl hv the extensor 
muscles 

DusNcr dt nurcniie (1910) reported a lessor degree of extensor tonus 
during deccrehrite rignli!', m the liinh depnveil of its svanpathctic inner 
V ation m some lint not in all cases ^ an Kipibcrk (1917) and Cobb (1918) 
failed to observe am effect of s>inpathctic cMirpatiou on decerebrate 
nguhtj Ilovh (1921) reixirtcel dimimshid extensor tonus during decer 
brate ngiditv in the alTectinl hmb, following imilattral lumbar svwpath 
ectomv, as a fairh constant result in hw experiments on goats Kanavel 
Pollock and Davis (1924), jMccK anil Crawford (192o), Huggctt and 
lanbj, (1925) Pnnson and IIinsQ (1920), Coman (1926), lower (1926), 
Forbes el nl (392b) and lower and Jlmes (1929) reported the re&ults of 
decerebration experiments m which thej could detect no significant effect 
of syropatiictic denervation of a limb on the extensor tonus in that hmb 
during decerebrate ngiditv On the contrarj, Coombs and Tulgan (192o) 
reported tliat m their dcccrebration expenments follow mg extirpation of 
both stellate ganglia, "the rigidit> of the fore limbs was verj much 
ished while the rigiditv of tlic hind limbs persisted unchanged " ^ an Dqk 
(1933) reported that, follow mg unilateral extirpation of the stellate ganghon 
and deafftrentation of the fore limb, in decerebrate cats, the muscl^ oi 
that hmb are defimtelj less plastic tlian tiiose of the opposite lunb, os 
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indicated b\ positions and movements passu eh imposed on both fore 
limbs or during periods of heightened rigidity 
In order to repeat Ro\le’s experiments as nearlv as possible ^lortensen, 
rnedbacher and Quade (1928) carried out decerebration experiments in a 
series of goats, follo\Mng unilateral lumbar s^onpathectoma Like the 
majontx of the m% estigators v.ho vised other mammals, tbe\ could demon- 
strate no constant effect of svonpathectomv on the extensor toniis in the 
corresponding limb during decertbrite ngiditv Occasionalh , thev 
obserxed diffevences in the extensor tonus of the two hind limbs xihile the 
inimal i\as in a certain position but found that bv cliangmg the position 
the difference in tonus disappeared In a senes of experiments carried out 
on decerebrate cats following unilateral extirpation of the lumbar sionpa- 
thetic trunk Plullips (1931) observed certain differences in postural tonus 
and reflexes in the two hind limbs According to his account, the posterior 
part of the bodj could be supported at the normal standing height bv the 
limb on the unoperated side hut not h\ the one on the side of the operation 
Passu e flexing force which was sufficient to elicit the lengthening reaction 
on the sjonpathectomized side produced a mvotatic contracture on the 
opposite side due to the stretch reflex The lengthening reaction could be 
elicited on the unoperated side onlv bj increasing the passive flexing force 
The crossed extension reflex could be elicited on the unoperated side b\ a 
weaker stimulus (less stretch) than on the svinpathectomired side Tlie 
amplitude of the crossed extension reflex response al^o was greater on the 
normal than on the sjonpathectomized side Tlie mvotatic contraction 
following the knee-jerk also appeared earlier during relaxation on the 
sjonpathcctomized tlian on the opposite side These results, according to 
Phillips, could be explained on the assumption that the excitabilitj of the 
receptor ending in the muscles is increased follow ing sv mpathectonij or on 
the basis of changes in the circulation 
The results of the decerebration experiments cited abo\ e show clearlj 
that the exaggerated extensor tonus of decerebrate rvgvditx is not mediated 
through the '^vonpathetic nerves but thev do not disprove the theory that 
the sj-mpathetic nerves plaj a role in the maintenance of normal muscle 


tonus Thev afford no positive evidence of real value bearing on the 
possible functional significance of the svonpathetic nerves m relation to 
skeletal muscles As is w ell know n decerebrate rigidity follow s destruction 
or impairment of the rubrospinal svstem The exaggerated extensor tonus 
characteristic of this condition depends mainh on efferent impulses which 
reach the extensor muscles v la the somatic efferent fibers The component 
of tonus mediated through these fibers is greatlv exaggerated Unless the 
influence of the svmpathetic fibers on muscle tonus w ere equallv exag- 
gerated (which IS not the case) the absence of the svmpathetic influence 
on the tonus of the muscles of a limb deprived of its svmpathetic innerva- 
tion might easiK escape detection, during decerebrate ngiditj except bv 
verv accurate quantitative methods In view of the cent^l nervous 
ineclnnismb involved and the important role of the somatic efferent fibers 
in the exaggerated extensor tonus m the extremities of decerebrate prep- 
arations, it must be apparent that experiments involving decerebrate 
ngiditv are not well adapted to reveal the influence of the svanpathetic 
nerves on the tonus of skeletal muscles 
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ned out m tuul-hmm ammala AH these nmmnls had liecn subjected to 
unilateral extirpation of the stellate gntiRlion In-fotc section of the bram 
stem Mas earned out In some instances the measurements nerc first 
carried out ululc the animal nas imdtr light ether anesthesia and again 
se\ cral hours after section of the hrniii stem In most of these experiments, 
the corresponding tonus curxes dcrnctl from the imasuremcnts obtained 
before and after section of the bram stem are cMcntialb similar and almost 
coincident 

'U\c tonus curves of both the triceps bmclui and the extensor muscles of 
the manus derived from mcasutciutnts carriwl out before sjmpatbetic 
denervation of the limb (I ig 73, Jt and C*) like those of the quadriceps 
femons, rise verv slovviv at the licgmnmg and then more rapidlj as the 
length of the muscle is mcrcasid liv passive extension until flexion of the 
limb reaches a relativelv high degree 'Ihc tonus curves derived from 
measurements e irried out on these muscles follow mg svanpathetic denerv a 
tion of the limli (I ig 73, Ji and O like the corresponding curves of the 
quadriceps femons, rise more mpitib from tin beginning These curves 
indicate that the triceps brachn and extensor musclcs of the manus like 
the quadriceps femons cxluhit diminution of tonus while at rest, following 
elimination of the svinpatlictic innervation of the limb 

In the results of tlic experiments set forth nlwvc the influence of the 
svanpathctic nerves on the toims of a resting muscle is manifested onlj bv 
diminution of the resistance offered bv the muscle to pissiv c extension In 
order to obtain tonus eurves wliieh nctinllv represent a component of 
tonus winch is mcilnted through the svanpathctic innervation and at the 
same time obv ntc an> possible effect of changes m circulation due to 
interference with the innervation of the blood vessels supplying the limb, 
tonus measurements were earned out on tlic triceps bncliu muscle follow- 
ing section of both roots of the sixth, sev enth and eighth cerv ical nerv es 
TTithin the spin il canal Tins operation complete^ eliminate:* the somatic 
innervation of the triceps but, since the preganglionic neurons m the 
V isccral efferent chains supplv mg the limharc components of thoracic nerv es 
it leav cs the sjonpathctic mnerv ation of the limb intact, conscqiientlj , the 
efferent mnerv ation of blooil vessels is not mttrfcretl with bj the operative 
procedure fonus curv es bascil on measurements earned out on the triceps 
brachii following section of both roots of the buxth, seventh and eighth 
cervical nerves comparetl with the normal tonus curves of tins rau-,cle 
(Fig 74) show diminution of tonus but as indicated bv the slow rise m 
the first part of the curv e, tlie muscle still exluluts the brake phenomenon 
This IS well illustrated bj curves R' and 7', 1 igure 74 li, whicli ore tlie 
tonus curves of the right and left triceps muscles respectivelv of the same 
animal (dog) follow ing section of tlie roots of the sixth sev enth and eighth 
cervical nerves on the right, and extirpation of the inferior cervical sym- 
pathetic ganglion on the left side Since the entire spinal nerve supply to 
the triceps is denv ed from the sixth sev enth and eightli cerv ical nerv es and 
the preganglionic fibers involved m the sympathetic innervation of the 
fore limb emerge mamlj below the first thoracic segment section of the 
roots of the first thoracic nerv e has no influence on the tonus measurements 
earned out on the triceps The curves obtained following siction of the 
roots of the first thoracic, m addition to those of the SLxth seventh and 
eighth cerv ical nerv es, are essentially identical w ith those obtained follow- 
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mg sectmn ot the roots ot onh the ceryctl nmy In yder to be of t slue 
these measurements must be carried out ^\ithm a fe^\ c^a^s after the 
operation, since the muscles undergo ntrophj follm mg section of their 
somatic ncne supplt md the extensors gmdinlK lose the toinponent o 
tonus uhieh still nas measurable imincdiatelv after section of the spinal 
ner\ e roots 



Fia 74 —(A) Tonus cunc^ of the left triceps of a cat hoforc (L) and after (L ) section of 
both toots of the sixth seventh and eighth ccrvieal nerves looMiig the sympathetic mnerva 
tion of the fore limb intact (B) R and L Normal tonus curves of the neht and left triceps 
respectiveb of ^ ^og fJ Tonus curve of the right triceps following vectioii of both loots of 
the sixth seventh and eighth cervical nerves on the right side L' Tonus cvirve of tho left 
triceps following extirpation of the left inferior ccrvncal sympathetic ganglion 


In criticizing the results of our earlier experiments, I'ulton (1920) raised 
the folloiMng objections (1) ‘Txpcnmental anahsis of tonic reactions m 
the intact animals in ^\hlch \arious extraneous reflex factors cannot be 
excluded, are unreliable ’ (2) “The ‘active’ muscle not being isolated b\ 

complete denervation of the surrounding muscular and cutaneous struc- 
tures, especiallv of the antagonistic muscles renders difficult and uncertain 
the interpretation of their responses (3) Possiblv the difTerencis in the 
resistance of the muscle to passive extension are due to secondarv circu- 
latorv changes (4) The brake phenomenon “can be little other than i 
manifestation of the stretch reflex, since it was elicited b\ extension of an 
antigravitv muscle ” He suggested that the diminution m the resistance 
of the muscle to passu e extension indicated bv the difference in the curv es 
obtained before and after svanpathectoraj ma\ be due to modified responses 
of the proprioceptive endings in the muscle brouj,ht about bj alterations 
in the blood supplj 

The difficulties attending the analvsis of tonic reactions m the intact 
animal are fullv recognized We do not regard the results of our exper- 
iments as affording the data nccessarv for an analv sis of tonic reactions 
but onlv as indicating that the s>mpathetic nerves exert an influence m 
the normal tonus of skeletal muscles m the absence of actu e contraction 
An influence of the intact flexor muscles is not pre eluded, but the fact that 
Spiegel obtained tonus curves of the quadriceps femons, following section 
of the tendons of its antagonists, which are essentullj identical with the 
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cur\ a obtamoO «)ule the flexor tendons were intact, strong]\ su^’gests that 
cur\ es obtmnid untlcr the conditions of our cxpcnintnts arc not maternliv 
modifiwl 1)\ tilt mtnet nntn/»ori»sts An influence of cjrcu!ator> changes due 
to sjinpithctic (linen ntion w not precluded in the results of our exper- 
iments hut there are no dnt/i AMtilablc xihich ebsri) indicate that the 
clnngcs in circulation follou iijr sjinpathcctornj exert either a direct or an 
indirect cfTect on muscle tonus 

The cfTect of sMnpathctic dcncnation on the so-cn!lcxl brake pheuom 
enon ^\ns o\mmplmsizcd m o«r earlier reports We do not regard this 
phenomtnon ns^dtj>cndcnt on the snnpitlictic innmation alone although 
tlie cur\ es obtained folhm mg s^inpathcctom' , m nian> of our experiments, 
nsc almoiit ns rni«dl\ at the tiegmmng ns throughout the latter pnrt of 
their course Mnn\ of tlie cur\ es obtained follow mg ssTnpsthcctntn\ show 
clcar)\ tint the hrahe phcnmntnori still persists Anc appreciable dimin- 
ution of tlie resistance of tlie muscle to passicc extension olnioush must 
also affc'Ct the brake phenomenon, os manifested m the curves obtained 
b\ the inetliod tmplovcd m tliesc experiments 

Coates and iiegs (lOii) claim to have rtpt ited our experiments on 
dogs dcpnvwl of the left lumbar svinpithctic trunk hut were unable to 
confirm our findings Hair brief report includes no description either of 
tlie nppsntus used or of llic procedure followed Complete compirabihtv 
of their cxyicnments to our is not evident since the curve winch thev 
derived from innsurements earned out on the nonnalb innervated hmb 
does not conform elosclv to the curves derived from measurements earned 
out on normnllv innervated limbs m oiir txpenmcnLs It mav Instated 
m this connection that the curve derived from measurements carried out 
after iVTOpathectomv was almost identical with tlie curve obtained before 
svTnpathcetomv in a few animals in our series but m mos-t of them the 
dilTerence w as unmistaknbk 

Ihe experimental data set forth nliovc sliow quite cicarlv that the 
resistance of an extensor muselc to passive CNtcnsion isdimtmshed follow 
ing svmpathetic denervation of the limb and tliat on extensor muscle 
deprived of its spmnl nerve suppiv but with the svmpathetic mnervatioa 
of the hmb mtaet still offers greater resistance to passive extension than 
the complettlv denerv ated muscle until the muscle has undergone some 
degree of atrophv The loss of the mllucncc of the svmpatlietie mnerv ation 
of a limb on the tonus of its muscles at least m the animals studied bv us, 
is so completelv compensated bv the cerebrospinal nervous mechanisms 
under normal phv siologic conditions, that the deficiencv usualK cannot be 
detected bv palpation of tlie muscles or bv direct observation Delicate 
qu vntitativ e methods are of pnmnrj importance m detecting the influent 
of the sjanpathetic mnerv ation m the tonus of skeletal muscles Since the 
influence of the vohintarv innervation is constanth changing during 
mu&ciihr nctivitv, quantitative methods designetl to reveal the influent 
of the svTnpathetic nerves m skclctvl muscle tonus can be successfuih 
applied onlv while the muscle is at rest t e wbileitdocsnotexhibitactne 
contraction 

The results of our experiments are not expressed m definite units of 
measurement but thev are quantitative The methixl used also is suf- 
ficientb delicate to reveal change m tonus which are quantitativ eh 
minute That which actuallj is measured is the resistance offered bv the 
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muscle to pissiNc extension It io*i> be objected tbit this is not tonus 
Th( tonic St ite of the muscle ho^^ e\ cp, must be regnrdcd is in important 
factor m determmiuj: the resistance offered to passive extension Smct, 
under the conditions of the experiments the curse of resistance of the 
atonic muscle is regarded as a vertical line, the curve of resistance of the 
musck under complete or partial innervation mav properly be regarded as 
the tonus curve 

The tonus exhibited bv in extensor muscle, m the absence of active 
contraction as mxnifested bv the resistance offered bv the muscle to 
passive extension is qimtitativelv small Anv deficiencv in tonus due to 
elimination of the svanpathetie nerves, furthermore is quite completeh 
compensated m the normal postures and lotivitics of the animal bv the 
cerebrospinal innerv ition It is not surprising, therefore that so manv 
investigators hivefaikd, in the absence of quantvtatw e melbods to detect 
anv diminution of tonus m the affected muscles following svmpathectomv 
In view of the dati available there is no adv intage in postulating a 
svmpatlietic component ot tonua which differs in qualitv from the tonus 
which IS medivtcd through the cerebrospinal nerves The concepts of 
contractile and plastic tonus mav be useful but the theorv that plastic 
tonus IS sub'it.rv ed bv the stTOpathctic nerv alone is untenable 
The results of tonus measurements earned out on the quadriceps femons 
in four patients who underwent bilitcral lumbar svmpathetic ganglion- 
eftomv have been reported (Kuntz 1027) Ihese measurements were 
earned out according to the method duenbed bv Spiegel (1923) for measur- 
ing the resistance of the qiiadrictpi. femons m man to passive extension 
The results obtained bv this method an expressed in tonus curves which 
ire comparable to the tonus curv es dtriv cd from measurements carried out 
m animals according to Spiegel s method d w o of the patients men 
afflicted with thrombo angntis obliterans, were available for studv both 
before and after operation Hie other two were available for studv onlv 
after operation One of these a voung woman Ind undergone the oper- 
ation one v ear previouslv for the relief of Ifavnaud s dbcise the other i 
man afflicted with thrombo-angiitis obliterans, underwent the opention 
SIX davs before the measurements were earned out 
These patients exhibited no ipprecnble changes m muscle tonus refer- 
able to the cliseise ihe tonus curves obtained m the two patients before 
svTnpathtctomv he well within the range of normal variation These 
Clines two of which are illustrated m 1 igure75, rise slowh until the angle 
of the leg w ith the extension of th< thigh approaches 30 degrees after w hich 
fhei rise more npicllv liiev are essentnllv normal tonus curves The 
cunts obtained after svmpathetic ganglionectomv in all the patients, 
rise more rapullv from the beginning Those obtained from the patients 
who were available for stmlv before opention also indicate appreenWe 
diminution of tonus In the absence of tonus curves based on measure- 
ments tarried out before operation m the other two patients the alteration 
m quadriceps tonus referable to svTnpathectomv, cannot be estimated 
but the form of the cun e» suggest^ diminution of tonus 
Oltniral Data —Clinical data bearmg on the rolt of the svmpathetic 
nerv es in the prodin tion and maintenance of muscle tonus are not unequiv - 
ocal The beneficial effects of svmpathetic gangJionectonn and rami- 
section m the treatment of spastic pamljsis, as reported m certam cases, 
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“tht tapaclt^ for prolongwl tiiuscuUt -ftOTk nud the onset and se\cnt\ of 

fatigue nere in no affected b\ s^^npathectora^ " 

Coates and Tiegs (1928) reported th< results of experiments which seem 
to indicate a marked effect of the saanpathetic neraes on the resistance of 
an isolated muscle to fatigue In animals (seaeral goats ind a dog) which 
had been subjected to extirpation of the left Uimhat saanpatUotic trunk 
three to four months earlier, the gastrocmmiUb or tibnlis anterior muscle 
on both sides was isolated, the branches of the sciatic ner\es siippKmg 
other muscles were seaered and the proximal ends of the sciatic ner\es 
were crushed m order to abolish reflex control of the muscle the tnidons 
of both muscles w ere attached to le\ ers w Inch recorded on a slow 1\ rot iting 
drum the contractions produced b\ short tctinic shocks at the rate of 
2 to 3 per second Both nerves were stimulated sunult ineoiisU from the 
sime induction cod In some instances, the femoril arteries were ligited 
while the nerves were being stimulated In all but one of thtir experiments 
the mu-,cles on the normvilv mnerv Ued side resisted fatigue longer than 
the one on the svinpathetuallv denervated side 

Buttner and Ilcimbrecht (1928) reported that m frogs winch had been 
subjected to undateral deprivation of the svanpathetic supplv to the hind 
limb, the gastrocnemius muscle on the side of the operation remained 
shortened, after strong contr ictions 95 per cent longer than the one on 
the unoperated side Fhev also reported that when both gastrocnemius 
muscles were thrown into complete tetanus the enno of contraction of 
the mubcle ui the limb deprived of its svinpathctic luncrv \tion dropped 
more r ipidlv than tli it of the one in the normallv inner' ited hmb in three- 
fourths of the cases Schneider (1029 1950) faded to corroboritc tliesc 
findings Ginctrmskv (1922) reported experiments m wliicli the )sol itod 
gastrocnemius of the frog was stimulated through its motor nerves bv 
short tetani five seconds m duration at intervals of fiftv-hvc seconds and 


isometric records obtained The plateau tension developed m tacli sue 
(cssive response diminished progr< ssiv elv under these circumstances but 
when the sympathtlic trunk was stimulated during the fiftv-fivt second 
intervals, tlie ilimmution in the plateau tension dal not occur during the 
first five or six tetanic responses In another series of cxpcrmitnts Gmet- 
zmskv (1920) brought about fatigue of the gastrocnemius of the frog in an 
atmosphere of hjdrogen bv stimulation of the motor nerves In most of 
these experiments (75 per cent) stimulation of the svmpathetic trunk 
following the onset of fatigue also resulted m increasing the strength of the 
contractions and the resistance of the muscle to fatigue Tins result was 
mterprctwl as show mg that thi effect of s^ mp ithetic stimulation on muscu- 
lar activitv is not due soleh to increi'ted oxidation of the products of 
metabolism It stronglj suggests that svmpathetic stimulation actuallv 
ret irds the onset of f vtigue 

In experiments cirned out bv Orbth (1934 1925) the isolateil gistroc- 
nmius of the frog w as made to contract at repeatwl short intervals (30 to 
300 per minute) b\ stimulation of the ventral roots of the se\ enth, eighth 
and ninth nerves ^^^len the onset of fatigue became apparent in the 
diminution of the imphtude of the succtssiv e contr ictions tlie svinpatlietic 
trunk was stimulated for twenty tosLxtv seconds and after v latent period 
01 ten to thirty seconds the amplitude of the successive contractions xgam 
increased, the maximum effect occurring some time after the sympathetic 
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one second intenals increased the ampUtude of the contractions Ihe 
restoration of the muscle brought about m this manner lasts longer, accord- 
ing to Labhart than that uhich is brought about b\ tetanic stimulation of 
the s>anpathetic trunk He also reported that if the fatigued muscle is 
allou ed to reco\ er b\ decreasing the f^equenc^ of stimulation of the \ entral 
ner\e roots and at the same time single induction shocks are applied to 
the smpathetic trunk the effects are summated Nakaiiischi (1927, 1928, 
1930) and GerSuni and ChudoroSe\a (1930) also reported the results of 



Fig 70 —The effect of sympathetic stimulation on an actne skelotal muscle of the frog 
Successue contractions of the gastrocnemius or gracilis muscle «cre elicited by stimulation 
of the ventral roots of eighth and ninth spinal nerves After the onset of fatigue the aympath 
ctic trunk was stimulated at intervals indicated h> the time signal It will be seen that the 
amplitude of the contractions gradually increased after a latent period U from Orbeh 
Pavlov Jubhee volume 1924 B and C from Maibach Ztschr f Biol 1928 vol 8R No 3 
Mbnchen Germany J T Lehmann s Press ) 


experiments in whieh the effects of stmip ithetic stimulation on the htigued 
gastro™emiiis miisele of the frog nere observed which in general corrob- 
orate Orbeh s findings Sinirm (1037) studied the effect of svmpathetic 
stimulation on the curve of fatigue of the frog s gastrocnemius under the 
following conditions direct stimulation successive direct and indirect 
stiinulation during infusion vv ith a solution of curare and follow mg degen- 
eration of the somatic nen es Under all these conditions, according to his 

^Ta“n nii'r’ftnm?'' tesulted m dclav mg the onset of fatigue 

Ian Dijk (1030) reported that when the triceps muscle of the decere- 
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brattd pigeon fntigncfl h\ stiinii!iition of tlu motor ncr\cH for several 
hours stimulation of tlu svinpitlittictninkiistnll} mcrcaswl the amplitude 
of the eontrattiouH hut Hometunt'H (iccrutsed it Dnttjtr (lOlO) likewise 
rciiortnl that when the tihiahs nnticiiH of the cat, in Ins cxpeninents, v\a 3 
inuhrgoing rhvthmie ('ontractions clicitcsi hv single iiulnction shocks 
applies! to tlic ventral nerve r(M)fs, sU|K.m<hieei stimulation of tlic svinpith- 
etic trunk sometimes resultesi in iiKnosing and sometime's in decreasing 
the amplitude of the caintraetions He rtgareleHl augmentation of the con- 
tractions, under these esnuhtions as the ehreet result of impulses which 
reach the muscle through the sviiipithetic nerve fibers and ehininution of 
the eaintraetions ns an nidirt'et it*sult of vasoconstriction Chudoro^eva 
(1012) reiMirted an aiigmentmg ifTt*et of svinpithetie stimulation on the 
camtractions of fatigiiesl muscles and {xiintcs! out that this cffccl is more 
marktsl three or four davs after seetinii of the motor fibers than while the 
motor fihtrs are intaet 1 ht-'C n*siiItsnlso mav he rtganicd ns in agreement 
vvjfli Orhtli s fJn<lm^rs 

Charht (1010) (inploveai a inetliiNl hv winch the clfeet of svanpathetic 
stimulation on the i>*onictne ctmtrnctions of fatigucel mnseic in the frog 
was recottli'd iihotographicallv Veesmhng to Ins reconis svanpathctic 
stimulation results in a stiajHr rise in tlie turvi of isometric contraction 
of the fatiguisl muscle Hu height of the cunt also is inert isttl hut the 
duntion of the entire nuitnittioti is inmltensl (I ig 77) 



a b e 

Fio 77 — I«oinclric rontmrtion rur\c»of the froxB rausrlp « Normal mu de b faticu^ 
musdo c saiTio a-i b but «Uh pynipntlictic ■limulaoon (Charlct /taclir f Biol 1930 
%ol 00 No •! Muiidicn Germanj J T Wimann e I rrss ) 

Michol (1930) reported the results of n senes of experiments in which 
the effect of svanpathctic stimulation of muscles of the frog fatigued bv 
direct stimulation was recorded In these experiments the nerve to the 
muscle was curanzed so that electric stimulation of the nerve trunk did 
not produce contraction The muscle w as then fatigued hv direct rhv throic 
stimulation ^\^len fatigue had set in stimulation of the nerve trunk 
resulted m increasing the amplitude of the contractions called forth bv 
direct stimulation This result was interpreted as indicating restitution of 
the muscle brought about bv stimulation of the svanpathetic fibers m the 
nerv e trunk ^Yllen the motor cnd-plntes were rendered meffecti' e due to 
the lack of calcium, in i\ficho! s expenments, svanpathetic stimulation w as 
without effect on the contractions called forth bv direct stimulation 

Schnjder (193G) reported the results of experiments carried out on 
rabbits w Inch are comparable to those rejwrted bv Jlichol ^Vhen m his 
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exnenments, the mixed nerv e supplj mg x muscle n as stimulated bj means 
ot a stimulus aboie the threshold for the sjTUpathctic fibers, the onset of 
fatigue occurred apprecnbK htcr than hen the motor fibers alone were 

''^Toser'ciOSl) reported the results of experiments m which the effects of 
s\ mpathetic stimulation on the normal reflex responses of fatigued muscles 
m the frog were studied In his animals, cither the cerebrum alone or the 
entire brain w is destrojed, but the circulation was left intact The sjon- 
pathetic rami joining the nerxes to one hind limb were divided and the 
skin or an appropriate afferent nerv e on that side vv as stimulated to elicit 
reflex contraction of limb muselcsi on both sides Records of the simul- 
taneous reflex contractions of the muscles of both hind limbs elicited b\ 
repeated stimulation of the skin or an afferent ner\ c on the s^mpathecto- 
mized side at short mter\als show tint the amplitude of the successsi^e 
contractions decreases more rapidh on the sjonpathectomized than on the 
normal side (1 ig 78, A and ii) On the basis of these experiments, the 
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Fio 78 —Records of imuUancous contractions of corresponding muscles of the troRS 
hind limb with the s> mpathetic supply intact on one side (A) and removed on the other (B) 
(Voser Ztachr t Biol 1931 vol 91 No 2 Munchen Germany J T Lehmann s Press ) 

author concluded that the muscles normallv recci\ e impulses through their 
sympathetic innertation and that dcpri\ation of these impulses reduces 
tVieiT capacit> for work Re also rcganlcd bis findings as corroborating 
those of Maibach Labhart Charlet and Michol and ad\anced the opinion 
that the results obtained can be explained onh on the assumption that 
snnpathetic fibers actualh terminate in relation to the skeletal muscles 
since under the conditions of his experiments, the changes in the blood 
suppK to the limb muscles resulting from the operate e procedure f a\ ors 
the muscles on the sionpathetomized side 
Haller (1932), bj means of an oscillograph of high frequenev, recorded 
the action currents produced b\ reflex contractions, elicited bj equal 
stimuli of corresponding muscles of both hind limbs of decerebrated frogs 
with the abdominal portion of the sMnpathetic trunk on one side remo\ed 
The action currents produced on the s>Tnpathectomized side alw a\ s w ere 
w eaker, of shorter duration and of lower frcqucnc> than those produced on 
the normalK mner\ated side Kotter (1936) recorded action currents by 
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of the motor tier\es Certain obser\ations of A^eiss (1930) also seem to 
support this h^ pothesis 1 1 t j 

In a senes of experiments, the results of nhich ha\ e not been pubiisneu 
elsenhere Kuntz and Iverper obtained certain e\idence nhich seems to 
support the theor\ that the ssmpathetic nerxes exert an influence on the 
imtabihtx of the muscle fibers in some manner These experiments nere 
designed to show the effect of saanpathetic denerxation of a limb on the 
facihtx xxith vhich Msceroaomatic reflexes are elicited bx stimulation of 
the Msceral organs or mesenteric nerves The experimental animals (cats) 
were subjecte<l to unilateral extirpation of the lumbar and upper sacral 
portions of the s\ mpathetic trunk The spinal cord vv as transected at the 
lev el of the foramen m igniim After the initial shock of the latter operation 
had subsided, the visceral organs or mesenteric nerves were stimulated 
either mechamcalK or hv means of an electric current In all the animals 
m v\ Inch the experiment u as successful reflex responses to both mechanical 
stimulation of v isceral organs (pressure on the spleen duodenum or pan- 
creas inflation of the stomach etc ) and electrical stimul ation of mesenteric 
nerv es vv ere observ ed in the hind limb on the side on v\ hich the svanpathetic 
trunk was left intact butrarelv in the hind hmb deprived of its sv mpathetic 
innerv ition \ iscero-somatic reflexes involving the muscles of the hind 
liml) on the svmpathectomized side could onlv be elicited bv much stronger 
visceral stimulation than that required to elicit fairlv vigorous reflex 
responses in the normallv innervated limb In some animals no reflex 
muscular reactions in response to visceral stimulation were observed in the 
hind limb deprived of its svanpathetic innervation although the stimula- 
tion emploved was sufficientlv strong to elicit \^go^ou^ reflex responses in 
the normillv innervated hind lira!) Lnder the conditions of these exper- 
iments the V iscero motor reflex arcs on the side of tlie sjanpathectomv 
were not impaired It seems not improbable therefore that the difference 
m the degree of reactiv itv of the muscles of the two hind limbs to visceral 
stimulation was due to the presence in the one limb of the intact sv mpa- 
thetic nerves and their absence in the other 
The results of the experiments of IMaibach, Labhart Charlet Michol 
\oser Haller and hotter cited above all of which were carried out in 
Ashers laboratorv seem to support the hypothesis thit the effect of 
impulses reaching the skeletal muscles through svanpathetic nerve fibers is 
exerted on some mechanism within the mu<?cle fibers and not on the motor 
end plates On the basis of these experiments m which the effects of 
svanpathetic stimulation on the skeletal muscles were observed onlv after 
the onset of fatigue \sher (1931) advanced the theory that the substratum 
on which the sympathetic nerves act is lacking in the unfatigued muscles, 
but ari'^es with the on^-et of fatigue He (1932) also reported the results of 
other experiments carried out in his laboratory which indicate that svan- 
pathetic stimulation results in an increase in the phosphoric acid content 
of the muscle which probably plavs an important role in its restitution 
following the onset of fatigue 

In V lew of all the data w hich support the theory that svanpathetic nerv c 
impulses are mediated through humoral substances the issumption that 
svanpathetic stimulation influences skeletal muscles onlv after the onset of 
fatigue ‘^eems to be imw arranted On the contrary , the humoral mediators 
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This rtsult, lie btheies, is not referable to circiihtorv changes Herrin 
and Meek (1931) reported reductions of li to 20 per cent in the gl\ cogen 
content of the tonic muscles in doRs and rabbits tn entj to eight' -sik da' s 
after s'lnpathectom' In animals "ith h'perth'Toidism, the reductions 
m the gU cogen content of the muscles folio" mg sympathetic denerA ation 
"en e'en greater Wenger ri933), "ho measured the heat generated m 
the same muscles on both sides following reduction of bod' temperature 
b' cooling and m the presence of chenucall' induced fe'er, in animals 
which had been subjected to unilateral s'ampathectom', alwa'S found the 
generation of heat greatest on the normally inner' ated side In exper- 
iments reported b' Schmid (1936) the muscles of the forelimb and the 
inasseter muscle on the normal!' inner' ited side in rabbits which had 
been subjected to unilateral cer'ical sjanpathectomj , became warmer 
while w orkmg than those on the ssonpathectomized side, whereas the latter 
were warmer than the former while it rest Barron (1934) and Scheinfinkel 
(1938) also reported tint cooling of the bod' of an unilaterill' sjmpath- 
ectomized animal resulted m greater heat production as determined by 
therinoelectrical measurements m the muscles on the normally inner' ated 
side than in. the affected muscles on the s'lnpathectomized side These 
findings strong!' suggest that gl'cogcn metabolism m skeletal muscles is 
subject to regulation through the s'lnpathetic ncr'cs 
The influence of the s'ropithetic nerves on tlie processes of oxidition 
and reduction m skeletal muscles is well illustrated bv the effect of svm- 
pathectomv and svmpathctic stimulation on tlie reaction of the muscles 
to vital (I'es Wlien i vital d'e, e <7 mctlnlene blue is injected into the 
I'Tiiph hearts of a frog the muscles of the extremities become lightly 
stained Hoffmann and Magnus-Alsleben (1922) observed that if the 
nerves supplying one of the hind limbs arc cut following the injection of 
meth'lene blue into tlie posterior lyonph hearts, the muscles of that limb 
assume a more intense color than tho<;e of the other hind limb In a further 
investigation of this phenomenon thev found tint neither section of the 
dorsal nerve roots nor paralvsis of the motor components done exert an 
influence on the staining reaction of the muscles WTien the communicat- 
ing rami of the se\enth eighth and ninth ner\es were divided leaving the 
dorsal and yentral ner\e roots intact the muscles of the hind hmb on this 
side assumed a more intense color than when the entire nerve supply to 
the limb was cut This seemed to prove that the obser\ed difference in 
the staining reaction of the muscles of the two hind limbs was due to 
section of the syonpathetic fibers The' also demonstrated that the more 
intense staining reaction of the muscles depnyed of their sympathetic 
mnery ation was not due to an excessive amount of the dve taken up by 
the muscle fibers but to retardation of the processes of reduction Wlien 
the lightly stained muscles of the normally mnery ated hmb yyere treated 
yyith oxidizing agents, they also became intensely blue 
On the basis of results obtained in experiments designed to demonstrate 
the effect of sympathetic stimulation on the reaction of the skeletal muscles 
to methylene blue Sttpanoff (1923) and Krestownikoff (1926), working in 
Orbelis laboratory reported that the oxidatiye processes in skeletal 
muscle are augmented by syonpathetic stimulation By the use of the 
mikrorebpirometer Orbeh also demonstrated a relatne increase in Oi 
consumption in skeletal muscles during sympathetic stimulation This 
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rdatisc intrpT^c jij the oxjtlatne piDccs'^ wm marnfated mnnh in the 
n.tar<htion of the c<intmuous fkcrinsc i»» O consumption ilunng muscubr 
excitation and m the fact timt the o\xpc« intake rtimuncil wmstant flurinf; 
xunprtthctic stimnintion and for some tune after its cessation 
Sxmpithctic <ltncr\atio» is foiloxvn! I>\ dilatation of t!it. capilhncs in 
skeletal muscles 1 he durntwin of such cnpilinrx dilatation is not rh finite!) 
kno\Mi ‘some data hcirmp on tim point Imst lucn intcrjircU'd «s imlicat 
mp that, in ( xptrimcntnl nnimnls (cat, «lop, nhint), the circul ition through 
a limb depri\c<( of its SNmpathctic mnerxntion approximates t!»e pre- 
opcritivc level within ten daxs or two weeks after opentmn Ilntton 
(10 10), however, hnsdenionstralnl hv actinl measurenuntsof the volumes 
of hloofl {Kr inmate fiowinp tiironph the respective hind hmhs of exts 
/oHon mp iimlate nl bmdnr sv^npathcetomv , that a mnrkwl mcre-iw in the 
voinmt of liloeKl flovvinpthroaph thceapill m IhsI of the sv^npithectomizetl 
liinl) is immtameel at least for inniiv weeks Svmpithctie elcncrvation 
also results in incrcists! perincahihtv <»f the eapilinncs winch phvs in 
important role m tlie uu taholic changes o\m r\ eel m skeletal muscles* after 
svinpitlutic denervation It mesl not Ik assnmixl however tint all the 
nittahnhc eh uiges reftrnlilc to svTnpvtheticelenervatmn are due toxa«eu!ar 
chinges On the hisis of tlic fi*Hu!ts of experiments involving ligation of 
the blood vessels and the mpctioii of ciilTcin m doses sufficient toproeluce 
maximal vasoconstriction and irrtveiMhle rigiditv, Hfittncr (102h) con 
cludeel tlint flu mctalioht changes ohserved m skeletal muscles following 
svmpitliectomv are {>r<meht ulnnit at least in part, h\ the direct effects of 
cbmnmtimi <if the in/Inena of svinpithcticnerve impul><*son themuseJes 
in this connection it is not wiihmit interest to ret nil that Chude liemnrd 
(1S71) discussnl the possihditv of n svmpntlntic influence in muscle 
inctnhoiism whicli is independent of vasomotor control 



CHAPTER XYIII 
HISTOPATHOLOGY 

Interest in the autonomic nenous s\stem in relation to di'sease has 
increased -^vith increasing knowledge of the phvsiologic rel ition'^hips of the 
autonomic ner\ es but the ad\ ances in our know ledge of the histopathologic 
changes in the autonomic ganglu and neraes and the central autonomic 
centers haa e not kept p ice w ith the ada ance» in the a arious aspects of the 
phjsiologa of the autonomic neraes Most of the studies bearing on the 
role of the autonomic neraous sastem in disease deil mainl' with the 
clinical and pharmacologic aspects of the problem Varied ind extensii e 
pathologic changes in the autonomic ganglia and ganglion cells haa e been 
described but the dat i bearing on the specific relationships of these 
changes to particular diseases are relatia eU meager 

Histopathologic Studies haae been earned out mainlv on preparations 
of material obtained at autopss follow mg de iths due to a aa ide a arieta of 
ciuses and preparations of ganglia remoaed ba operation in the treatment 
of a limited group of diseases In most instances it w is quite impossible 
to establish a direct relationship between the neural lesion m question and 
a giaen disease process, due to the aaneta of pathologic conditions present 
which not mfrequentU included some degree of senile degeneration In 
spiti of these difficulties the available data strongh suggest a direct 
relationship of recogniiable lesions of the autonomic nervous sastem and 
the disease process in mans acute and chronic clinical conditions ^fore 
exact knowledge of the nature and the causes of lesions of the autonomic 
neraous sastem and their relation to disease must await further clinical and 
experimental ma estigation 

Oangha and Ganglion Cells — Chromidial Substance and Nucleus plasma 
Ratio —UTost in\ estigdtors a\ho haae reported the resultb of histopath- 
ologic studies of autonomic ganglion cells haae described alterations in the 
chromidial substance inaolaing changes in its abundance and distribution 
m the catoplasm and alterations in the chromatin in the nucleus In inana 
instances attempts haae been made to correlate the obseraed changes m 
the ganglion cells with a particular disease process but in relatia eh few 
instances have attempts been made to interpret the changes in the ganghon 
cells m terms of modified function 

Functional actia ita and depression of nera e cells result in changes m the 
quantity and distribution of their chromidial content In an extensive 
senes of studies of the catologic changes brought about in nerae cells ba 
phasiologie stimulation and depression under experimental conditions 
Dollea (190fl-1918) found that changes m the quantita and distribution of 
tin chromidial substance and aamtion in the micleu'^-pl isma ratio are 
natural consequences of functional actia ita and depression of the^iC cells 
and conform to the aa ell-recognired biological principles expressed in Gold- 
schmidt s (loot) theorj of the functional significance of the chromidial 
apparatus and Hertaaig s (1903) theora of the nucleus plasma ratio The 
latter theorj. exprt sses a constant mass relationship but carries w ith it an 
underlvmg reciprocal principle, the mutual interdependence and mter- 
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depression, the manifestations of these two forms of fatigue must be 
identical In exhaustl^e acti\it\, the production of chromidial substance 
fails, in depression, it is inhibited Although ner\ e cells do not possess the 
capaciU for ^e]u^ enescence, tbe> ha\e the capaciU for rcco\er\ within 
relati\eK wide limits The process of reco\er\, whether from the effects 
of stimulation depression or disuse atropha im oU es the restoration of the 
same preexisting materials and, unless pigmentation has intervened, the 
cell mav resume its normal c\ tologic appearance 

Dollev’s studies cited above involve mainlv the Piirkinje cells m the 
cerebellar cortex Companble studies of the effects of stimulation and 
depression on autonomic ganglion cells are not available Bradshaw 
(1930) on the basis of a stiidv of the effects of roentgen-ra\ ndiation, and 
Ingersoll (1934) on the basis of a studv of the effects of stimulation of the 
abdominal viscera on the celiac ganglion cells in the albino rat reported a 
sequence of changes m the chromidial substance and the nucleus-plasma 
ratio which m the mam, parallels that desenbet! bv DoHev in the Purkinje 
cells On the basis of a detailed studv of preparvtions of the celiac gangli i 
of normal resting rats thex classified the ganglion cells into 9 tvpes accord- 
ing to the quantitv and distribution of the chromidnl substance in the 
cvtoplasm and the nucleus-plasma ratio The cells of the first 3 tvpeS 
which mav be regarded as Group I, make up the great majoritv of the 
ganglion cells present 1 he\ possess abundant chromidial substance vv Inch 
IS distributed more or less uniformlv throughout the cvtoplasm Those of 
the second 3 tvpes which mav be regarded as Group II, usually are present 
m relativ el\ small numbers On the av erage, thes are somew hat smaller 
than the cells of Group I and possess less chromidial substance which 
usually is distributed mamlv m the perinuclear or the peripheral zone 
Those of the last 3 tvpes, whicli maj be regarded as Group III, also are 
present m small numbers On the average these cells are somewhat 
smaller than those of Group II and possess still less chromidial substance 


some of them being almost devoid of tins material and having but little 
chromatin m the nucleus B\ differential counting of the cells m the 
several groups m preparations of the celiac ganglia from normal resting 
animals and from animals which had been subjected to manipulation of 
the abdominal viscera, under anesthesia for periods of varying duration, 
Ingersoll demonstrated a progressive decrease m the percentage of the 
ganglion cells m Group I and an increase in the percentage of those m 
Group III as the length of the period of stimulation was increased The 
numbers of cells in Group II changed relativ elj little with stimulation 
Prolonged administration of nicotine resultevl in companble changes in 
the celiac ganglion cells in rabbits (Ingersoll, 1936) 

According to Ingersoll s findings, the initial response of the celiac 
ganglion cells to stimulation like that of the Purkinje cells in Dollev s 
experiments, appears to be increased production of chromidial substance, 
rpulting m hv-perchromatisra slight enlargement of the cells and a slight 
shift m the nucleus plasma ratio I ollowing this stage, the chromidial 
substance is reduced until it approaches the normal level and the cell 
undergoes some recluction m size with a shifting of the nucleus-plasma 
ritio m favor of the nucleus Sccondarv restoration of the chromidial 
substance is less apparent than m the Purkmje cells but probably is evi- 
denc^ bv the perinuclear distribution of this substance m manj of the 
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cells m Group II I ollou inj? tins stnpt, the chromidml substance becomes 
further rc<Uicc<l if stunulntion is contmucfl, until the c\toplasm isprac 
ticalU (k^ot(l of this substnna Hit initials hnvinK given up most of its 
thromiitin, niso nppenrs psl( luui \csiculnr nn<! usuallv is loeitcd cccen 
tnonlK lolloping the initiation of stimiilatinn tlit prcKluction of chro- 



PitJ 79 — \utonomi<" rnticlion fflU (human) illu traunK ihe pro(fT»-wnp rhanew m lie 
nuAntUi and di ml ttlmn <>( (he chromulial aulntancr anil the nurlni«>rlMma ratio due lo 
eelUilar aetiMt> / Ile«tme roll • carlj h>i>crehrt>mat» m 5 aih-anred hsperchromalias 
4 early ehnnksice of the cell an<l rreedms hspeeehfomati m 5 adiuinm! ehnnkage of tie 
cell anil further recewion of h) pcrchromausm c miurtion of ejioplaamie ehromidial sub> 
Btaneo to normal lc^cl mtli e<]cma of lioth nurleu« and r>topla«m re^ltinR in roundmeeut 
of the cell "* further reduction of the cjtoplaemic chromidial eubetance 8 almost complete 
depletion of the cytopln mic rhromidinl eulxtance and extrusion of the nuclear chromatm 
into the cj toplasra 



Flo 80 —Autonomic Kanelmn coll* (human) illuatmtint; BUfoe^nc staRes m (unctioosl 
depression 

raidial substance e\ccc<ls its consumption giving rise to livTierchromatism 
Liter, the requirements of the tell e^ceetl its capacitv to produce chromidit' 
substance and its suppU gradtmllv becomes depleted 

In preparations of human sv-mpathetic ganglia removed bv operation 
mavanUj of diseases including chronic poK arthritis Havnnud s dise^f 
and progressive muscular distroph>, and sjanpathetic ganglia removed at 
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autops\ m 1 ^ ariet\ of pathologic conditions Kunt/ (1934) recognized 
\'irntions m the quantit\ and distribution of the chromidnl substance 
iihjch conform ^er\ cIosel\ to the cell tapes described h\ Bradshaw and 
Ingersoll in the celiac gingln in the albino rat ind the senes of changes 
described ba Dolle\ in the Purkinje cells, particuhrla in the dog, during 
excitation and depression Some of these \ariations are illustrated m 
I igures 79 and 80 

In preparations of ganglia remoaerl stirgicalh m cases of essential 
Inpertension and tlirombo-angiitis obliterans most of the ganglion cells 
exhibit marked reduction in the quantity of the chromidial substance in 
the c\ tophsm and some reduction m the chromatin in the nucleus (I ig 81) 
In these conditions the reduction in the chromidial substance appears to 
be due to hnutation of the blood suppK to the ganglion and the consequent 
reduction of the nutrition of the ganglion cells I he chromidial substance 
which remains is fineb granular and quite iiniformb distributed in the 
cjtoplasm and the ganglion cells exhibit no apparent restorative reaction 
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fownrd tfic perjplico Hk* occiirrencc of cfiromntoI>sis in the autonomic 
Riuiplion tells in cases of polionnclitis shows clcsrl\ that this disease 
in\ oh ts the nutononnt ns well ns the /;r i\ substnnee m the spina! 

coni 

DuniiK scnilit\ and cachectic stntes, tlit stinh of the changes in the 
cliroinidial siilistancc is n mitred more dilTituIt 1>\ the presence of pipment 
in the RuiKlion cells In Rcncrn! it inn\ Im stnte<l that heavih pipmentcd 
jTinphofi (cl/s contain nlatiuh sinn/f nmoirnts of tliromidnf substance 
ranful studv of the RuiRlion cells wliitli nrt onh inodtritth pi^rmtnted 
in casts of smilits or other tondittons m uhitli most of them are laden 
witli piRmciit not mfrcqmnth rocals e^idtntt of chronntohsis The 
larger tlinnnidiil hodics in the iMnpIieml rone of the cvtoplasm liccornc 
fraRmcntcsl wliilt the thromnlm) siilistniice m tlit iKrmiitIcarzone appears 
m tilt form of minntt particles (clirotntdial dust) or is nctu die in solution 
Ji TV mg a (xrmmJcTr rone winch nppirtnth is free from throimdwl suf>* 
stance I ragim ntation of the elmitnidml hmltcs and eliroiniitolvsis tnav 
continnc until all the eliromidml siihstnmt in the tell snins to he in solu 
tion In N^sl pnpirafmns such ganglion tills cxliihjt a homogeneous 
hluo color with jKissihh a few hetorogencous pitches (\as IS9J, Liignel 
Lavastiiic inO(i Sinegclniid Stlolf 1022) In i ises of death dm to burns 
man\ of the mitonoime ganglion cells exhibit fragmentation of the chrom 
ulinl iiodits clumping of tlu cbroinidml substance partictihrh m the 
pcnplierd rone and chromatohsis (Spiegel and Adolf, 1022) 

Ilnpid dHuitcgmtioii of the cbromidiil IkmIics in the autonomic gangho 
cells also lias Iiecn ob'crvcsl m mmiv c“iscs of acute infection &ir 
degree of thronmlolv si^ m nmnx cases idinost eompli te dissolution of t\ 
throinidial substance b is been ro|)ortc<l l>v Mogilmrekv (1023) m cases i 
pneumonia septicemia, diplitiitrin tetanus and milmrv tuberculosis 

Pipnentatlon — T lie occurrenee of pigment m mitniiomic ganglion eel 
is of peculnr interc'st in refatum to iiitnetihilar metabolism Alfhoug 
pigment is observed onlv rarclv in the nutononuc ganglion cells in anima 
(eat dog rabbit) except under exjKrMuental conditions a nindcral 
degree of pigmtntation of these tells is a common pbenomcnon in ma 
after middle age, and not infrc<|iicntlv occurs even m tlic voung ^^’h^ 
moderate pigineiitation of the autonomic ganglion tails docs not neccs.^'anl 
indicate inorbiditv exaggerited pigmentation of thcbc cells probabl 
aJwav s is pathologic rertam pathologic conditions e tj arsenic poi-su 
mg cachexia and senile ntrophv, nivvnvb art, uccompanicti bv exaggerate 
pigmentation and other evidences of degenerative changes in the ante 
nomic ganglion cells 

The pigment observed m tlie autonomic ganglion cells m man is maml 
of two kinds (o) vellow Iipoid pigment wlucli is at least partiallv solubl 
in alcohol ether and other fat solvents and reacts to fat stains and (I 
darker more stable pigment which is Inghiv insoluble In addition t 
these pigments Mnrincsco (lOOfi) describ^ certain eosinophi/e granule: 
vv Inch lie regarded as related to the x ellovx pigment and certain ex anophil 
granules which he regarded ns related to the melanotic pigment in th 
spinal ganglion cells Spiegel and Adolf (1922) obserxed neither eosme 
phile nor cxanophile granules in autonomic gmghon cells The xelloi 
lipoid pigment appears earlier than the darker pigment After dark pi^ 
ment is present, both maj occur m the same ganglion cells, but as ag 
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advances the dark pigment becomes predominant, particuhrh in heavih 
pigmented cells 

The distribution of pigment within the ganglion cells Mne:^ within a 
wide range (Fig 82) In man\ of the cells, dark pigment occurs onh in a 
narrow peripheral zone In others, it is aggregated in a restricted portion 
of the cell bodv at the base of a dendrite or the a\on In occasional cells, 
It ippears as a cap-shaped mass at the penphenv of the nucleus In certain 
cells, masses of pigment granules also occur occasionallv in the c\ toplasmic 
processes Extracellular pigment granules ilso occur, particularh in 
ganglia m which most of the ganglion cells are heav lU pigmented Under 
certain conditions, e g ,m cachexii and arsenic poisoning pigment maj 
be distributed quite uniforralv throughout the cvtoplasm and become so 
dense that the nucleus is obscured 

Not mfrequentlj, preparations of autonomic gingha m which manv 
of the ganglion cells contain a moderxte amount of melanotic pigment 
exhibit no other e\ idence of pathologic changes This mav be regarded as 
evidence ot a previous pathologic condition, involving functional depres- 
sion of the cells in question, from which thev have quite fullv recovered 
In other instances even moderate pigmentation of the ganglion cells is 
accompanied bv changes m the structure and distribution of the chromidial 
substance, probablv indicating an existing pathologic condition of these 
cells Heavj pigmentation probablv aUvavs is accompanied bv other 
degenerativ e ch inges m the autonomic ganglion cells Manv undoubtedl} 
become functionless as the normal cytoplasmic constituents are replaced 
bv pigment granules In pvndine-silver preparations of hcuilv pigmented 
ganglia mmv of the ganglion cells have the appearance of i compact 
mass of pigment granules trom which no tv toplasmic processes can be 
traced (Fig 83) Such excessive pigmentation results in necrosis of the 
ganglion cells In the adv anced stages of certain chronic diseases e g , 
carcinoma most of the ganglion cells m the svmpithetic trunk ganglia 
‘show exceedingly heav \ pigmentation and necrosis 


In a studv based on preparations of ganglia of the svmpathetic trunks 
and the celiac plexus obtained in an extensive senes of autopsies following 
death due to a wide v irietv of causes at ages ranging from five weeks to 
seventv eight vears, and preparations of svinpathetic ganglia removed m 
the surgical treatment of disease m approximatelv 50 patients Ixuntz 
(1938) found melanotic pigment in some of the ginglion cells in nearlv all 
individuals thirtv years of age or over and in some in the vounger age 
groups Some of the ganglia which fall within the age limits of eighteen 
to twentv five vears showed moderate pigmentation in some cells but none 
below the age of thirtv five vears showetl marked pigmentation The 
most heavily pigmented ganglia in this senes are those obtained following 
death from carcinoma They fall vv ithm an age r mge of fortv -six to 
sev enty sev en v ears In general the ganglia from the v oiinger mdiv iduals 
are less heavilv pigmented than those from the older but the difference is 
not marked except m the most extreme cases The excessiv e pigmentation 
of the autonomic ganglion cells m this group of patients undoubtediv is 
associateil with the malignant disease 
The occurrence of hpoid pigment m autonomic ganglion cells m human 
fetuses during the fifth and later months of intrauterine life has been re- 
ported by various investigators, including Lubimoff (1874) and de Castro 
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(1923) Spitgcl n!ul Adolf (1922) and Herzog (I92G, 1031) reported 
traces of ^tlIo^\ pigintnt in tin nutonoiiiK. giinglton tells in tli<, ntu Iwm 
It IS present m Imt small amoiuitHm tlit ^tr\ \oung and grailuallj mernsca 
m qimntits but except in the prcstiut «f p itliologic conditions it is still 
inengerl\ represtnted at piihertx 

Dark pigment (intlaiini) is rareU oliservexl in tlie autonoinic ginglion 
cells in the xtr) \oung Her/og (1918) rifKirtcd its oceurrtnte in a child 
one jear of age Other isolntexl eases of the oceiirrtntx of rnehnotic pig 
incnt m nutonomie gnnglum tells Wfeire piilx rtx lm\ e been reported Hie 
occurrence of melanotic pigitu nt in antonomic g inglion cells before piibert}, 
exccjit in minute quantities iiiidoiibtesllx is nssncntesl uitli markci! 
pathologx 



Fia 82 — Autonomjc Konelioit colU (liumnn) ilhiMrotink stairw In pigmenWtion 


The genesis of pigment m nerxe cells and the relation of tlie lipoid and 
melanotic pigments to each other lm\ c Ixcn di^'Cnssed cxtcnsiv tl\ Certain 
iinestigitors (Pile? 1895, Hosm, 1S0(», Oberstemtr 1903 1909 Marmesco 
1909) haxeregirdcd pigment ns a nonnnl organic constituent of certain 
nerve cells since it occurs so cominonlv in certain portions of the central 
nervous svstem m man c g the sulistantia nigra and the locus c^ruleus 
Under normal conditions the substantia mgm contains no pigment in the 
lower inammnK (Dollev and Guthrie 1918) Neither ilots it alwavs 
contain pigment m man Pile/ and Mnrinesco both of whom triced the 
development of pigment in the suljstantia nigra m man do not agree 
regarding its age incidence pnibablv due to the fact that the material 
studied was pathologic in varving degrees ami pigment was not present 
at the same age in all cases If pigment is> not a normal constituent of 
certain nerv e cells m the low cr mammals, it seems highh improbable that 
the corresponding cells m man would naturalh be endowed with this 
apparently useless material 

Lipoid and melanotic pigments commonlv occur intimatelv intermingled 
in ganglion cells and sometimes in the same granules (Hueck, 1912) Thev 
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also possess certain histochemic'!l properties in coinmoii (lliieck, 1921, 
Bethe and Fluck, 1937, Herzog 1938) Ihese findings strongh suggest 
that thes are closeh related in origin The\ probabh represent onlv 
different phases m the metabolism of the same material (Herzog 192li, 
1938) Certain in\ estigators have regarded pigment m nerve cells as a 
normal product because it has been observetl frequentlv in indiv iduals who 
apparentlv were in good health Such relativ elv inert material as melanotic 
pigment however, mav he retained in the cells long after the pathologic 
process responsible for its origin has subsided and the cells in question hav e 
quite fullv recov ered The facihtv vv ith which nerv c cells acquire pigment 
seems to be correlated with the degree of differentiation of these cells The 
autonomic ganglion cells exhibit a rclativclv low degree of differenti ition 
Thej also acquire pigment vv ith relativ e facihtv 



Fio 83 — Photomitropiraph from a section of a sympathetic trunk jsanglion obtained at 
autopsy following death due to carcinoma shomng beax-y pigmentation of ganglion cells 

In an experimental studv carried out on dogs and rabbits DolIe\ (1917) 
ah\a\s found pigmentation of the Purkinje cells associated with chronic 
depression Stimulation ranyng from norm il ictiMtt to functional seml- 
it\ failefl to produce pigmentation m these cells Chronic depression alone 
resulted m pigmentation of the Purkinke cel! in the animals used In 
another senes of experiments, earned out on fowls hpoid pigment was 
ob‘!er\ed in the Purkmje cells following acute depression It should be 
recalled m this connection that lipoid pigment does not occur m the dog 
and the rabbit since their fat alwa\s is lipochrome-free In still another 
series of experiments carried out on dogs and rabbits, Dolle\ and Guthrit 
(1918) observed pigment m the nerae cells m x inous parts of the ncrxous 
sxstem including the superior ccrxical sxTnpathetic ganglion In these 
experiments also, pigmentation of the ner\e cells was induced onl\ b\ 
chronic functional depression ITiej therefore, ad\ anced the opinion that 
pigmentation of the nen e cells m the dog and rabbit is induced solely by 
functional depression 
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jhc f'cncHH of pif^ncnt m mnc ctH*! probsWi /s esscntialh stmthr to 
its gtntsis 111 \nnous other cells 'llie ckrnation of pigment from inlra 
nuclear nml cxtramiclcnr cliroinntm lias lietii describtxl rtpcntc<Il\ Ilert 
wig (19(H) reiKirttd tin. tmnsfonnntioii of txtrnniiclear chromatin into pig 
incnt in AclitwsphiH'rnnn riehhornt while in a state of fiinctioinl depression 
J lie dtprcsseil cells were in n condition of hvpcrclironiatism, conseciuentlv, 
the transformation of clirornidial material into pigment, under these con 
ditions ma\ he rcgardcxl ns a phenomenon of reorganization necessan for 
the restoration of the nucleus-plasma halance I/owarri (J90S) confirmed 
Hertwig s findings in the same spceics tiiidfr similar ixinditions He also 
nbstr\exl the trnnsforinntion of cliromatiii into pigment witliin thclnper 
tropliieil and hspcrcliromatic nucleus Itosslt (IIKH) reported the extru 
Sion of nuclear material and its tmtisfonnntion into pigment in the c^io- 
plasm m cxills of u mclanosarexmin Howard and Schultz (1911) also 
reported the occasional transformation of chromiiinl substance into pig 
inent in tumors derned from iiripiginentcd exills In the dermal chromat 
ophorcs of various annuals, acerirrlmg to Sehultz (1912) the process of 
pigmentation begins in tlie undifrerciUnttsi incsoblastie all bv the extru 
sum of chromatin from the miclcits into llic evtopinsm resulting in the 
formation of a functional clirontidial net 'ilic tbroniidml substance m 
the cv topinsm later becxiines Iransfomial into pigment 

According to Dollov (1917) and Dollc' and Outline (1018), the fonnation 
of pipnent in the nerv c colls in expe nine ntal animals in a state of functional 
elcprcshum mvolvejs both tlic intr'inucleir and extmnuclear chroraidial 
apparatus Ditv oliscrvix) tlic tnnsfonnatjon of cbromidml material into 
pipnent both in the nucleus and tlic cvtoplasm Tlieir findings, m the 
animals uscxl (dog nlilut), stroiigK suggest tliat melanotic pigment arises 
III the nerve cells onlv from the cliroinidial substance under tlie influence 
of clironic functional depression 

Species whose tissue fat is colorwl with tlic carotmoids (cow, hor<e 
fowl, man etc), carrv the carotinoid pipnents in tlic blood plismn hat 
absorbed bv the cells in thc'se spotics innv carrv in carotinoid pigment 
Since nerve cells, like other tissue elements absorb fat, the occurrence of 
lipoid pipnents m them could l>c cxplnmal on Ibis basis 31it fact that 
hpoid pigment has liccn obscrval often m nerve cells particularly in the 
voiing, strongU suggests that it mnv exist m these cells under normal 
physiologic conditions Ihat its ncciimiihtion in tlie nerve cells is facil 
itated under certain pathologic conditions is ainpK demonstrated Dolley 
and Guthrie also advanced certain experimental data which indicate quite 
clearlv that excessive deposition of fit m the nerve cells is a characteristic 
of functional depression 

Vacuobratioii —The occurrence of vacuoles m occasional ganglion cells 
in sections of autonomic ganglia prepared by the usual mctliods need not 
be regarded as abnormal (Fig 84, A) Vacuolization of ganglion cells in 
large numbers usually is associated with other degenerative changes in the 
cells and must be regarded ns pathologic In some instances, small vacu 
oles occur which are separated from one another only by thm protoplasmic 
septa The latter condition was observed by Spiegel and Adolf (1*^22) m 
a case of pemphigus v egetans TTiii, observ ation is of especial interest since 
the spinal ganglion cells undergo simifar vacuolization in this disease 
Vacuolization of the autonomic ganglion cells also has been observed in 
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cases of ad>ancetl arteriosclerosis (Spiegel and \dolf, 1922, Stimnder, 
1923) and other chronic pathologic conditions (Kimtz 1934 1938) rsot 
uncomTHonU \ncuohted cells also contain pigment but no essential 
relationship of the a acuoles to the pigment has been pointed out Manj 
of the \ acuoles apparent in sections of fi\ed material probabh represent 
intracellular fattj inclusions 



Fla 84 — Pholomicrographa oC sympathetic ^aeltaa cells pathologic 

alterations A ^'acuoLjation B earb neuronophagia C h> dropic enlargement D shrink 
age with tacuoli*ation E hrmkage with parti^ chromatoUsia 


In some instances large \ acuoles are formed through confluence of smaller 
ones \ single giant aacuole ma\ occup\ the major portion of the cell 
bod\, crowding the nucleus toward one pole (de Castro, 1931) Some 
\acuolated gmghon cells, are characterized b\ enormous swelling of the 
cell bo(l\ causing distention of the cell capsule Ganglion cells in this 
condition usualU show e% idence of neuroflbnllar degeneration 
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Neuronophagia — NcurorujplnRi i of aiitonoinic pnnplion tells ina> occur 
titlitr us u pninurv or u sttondun process I’ntnurc ntiironoplmgn is 
brought nljout inainl\ h\ mil timn»tor\ infiltntioiMv Inch nlso alTccts the 
gunghon cell capsule, St condurc nturmiopliagia In changes m the ganglion 
cells winch result m a clumotnctic attraction of phigocNtic elementa 
Onl\ sttsmdarc ncurouophagia inn take place under plnsiologic conditions 
Destruction of occasional autonomic ganglion cells b\ this process need not 
be regirdtsi as abnonnal particularlv after middle age I nipt\ cell 
capsules and capsules wbitb csmtain onI\ a reniinnt of the ganglion cell 
inn\ be obsir\ed oceasionallj ui pnparitions of autonomic ganglia which 
show little or no e\ id( nee of otiu r p itliologie thaiigts Not ilifreciucntK, 
prepintions of autonomic ganglia in which most of the ganglion cells are 
pignunted and cKlnbit changes in the chromidnl substnnc'c also exhibit 
cMdcnec of extensm m immopbagia 'Ihc destruction of the gmghon 
ttlls b\ sccxind ir\ ncuronopluigin max lie accoinplishctl b\ cells derned 
from the lining of the guighon otll capsule or In wandering plngocxtic 
elements usudh small round cells which arc attrictcsl into the cell 
c ipsidc depending on the tv]K of iiutnliolic distiirlmncc in the ganglion 
cell 

Primarx ncuronophigi i of autonomic ginglutn cells is cxuninonh asso* 
cintcsl w ith inflammation of the autonomic g ingln In the imti d stages of 
mnaminatinii tlic cells lining tin ganglion c*tll c-ip'-nles proliferate and the 
walls of the capsules bwximc matcrmllx thickened Soiiu of the cells 
become stpirated from tlu wall of the capsule and be free in the lumen 
where thc\ assume the role of phagocxtcs and take p irt m the destruction 
of the ganglion cell Inflaimnatioti of the autonomic ganglion rcaiilts in 
Its infiltration fie leiuphocetcs ami fcukocetes Some of the^e cefls al»o 
pcnctritc the gmghon cell caimiles and take pirt m the plmgocetosis of 
the ginglion cells (I ig SI U) iht plmgocetic process nine continue 
until the ginglion cell is cxnnpictcle cxm«uinc<l \ftcr the mnammatorj 
process Ins subsided nothing reinnms m the humii of the thickened 
cipsulc msuchciscs hut amorphous material csdloidal innsbcs and frag 
mented cells (Stammlcr 1923) 

According to Spiegel and Adolf (|922) nciironnphagn particuhrli the 
second ire te pc is a more common phenomenon m the autonomic g inglia 
than m the central ncreous sestcin lliis ihfTcrcnce probable is correlated 
with the (lifTcrencc m the relationships of the neurons in the autonomic 
ganglia and the central ncre oils sestcin rcipectie cle to the atlj icent tissue 
llie neurons in the central ncreous sestcin arc preitccted ngun»t the 
injurious effects of metabolic elistiirbances due to the important role of 
the neuroglia cells in the rcinoeal of mjiirious metabolites from them The 
cells lining the ganglion cell capsules do not protect the autonomic ganglion 
cells m the sune manner (Spiegel and \dolf 1922) 

Hyaline Degeneration —Under certain conditions In aline degeneration 
in autonomic ganglion cells i^ not uncommon Herzog (I92()) reported 
eosmophile In aline bodies in the cetoplasm in mnnj of the autonomic 
ganglion cells in c ises of p iralesis agitans and chronic morphinism Onuraa 
(1929) reported similar bodies in autonomic ganglion cells m cases of poison 
mg with sulphuric acid Grunberg (1930) reported In aline changes m 
autonomic ganglion cells m expenmental animals subjected to chronic lead 
poisoning In his preparations, the major portion of the cj toplasm appears 
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rio 8o — \ulonotTnc panglion colU (human) shomng h>ahno degeneration 


Hydropic Alteration --H\(lropic nltention of 'lutonomic gmglion cells 
as described h\ de Castro (1931) is characteri/ed h\ marked enlargement 
of the cell both acquisition of globuhr form nnd dcgencratixe cVianges m 
tlic nturoftbnlhr structure mIucH sug|,ebt pathologic coagulation of the 
neurofibrillar substance rather than Inpertrophi of the neurofibnls (Fig 
84 C) The central portion of the cell both is made up of poKhedral 
aUcoli laluch appear to be filled with amorphous matter which ma\ include 
ar{,entophile concretions Tiit entire cell bodj appears pale due to dimi- 
nution of the chromidial substance The nucleus is larj,e and acsiculir 
The dendrites usualK show hapertroph' of the neurofibnls particularK 
at the surface, and a clear central core lhe\ maa also show \acuolts and 
ar^entophile concretions iladropic alteration maa be oliseracd in some 
ganghon cells in a wide a iriet\ of pathologic conditions including chronic 
alcoholism (de C istro 1931) chronic pol\ irthntis and ad% anced carcinoma 
(launt? 1938) 

Shnnkage —Shrinkage of autonomic ganghon cells is a common phenom- 
enon m \ arious pathologic conditions, particuhrh senihta ind cachectic 
states Shrunken cells, m these conditions, usinlla also exhibit other 
pathologic changes e g chromatohsis and pigmentation The most 
lieaMlv pigmented cells not uncommonh are shrunken to a re)atn<)\ 
small mass Shrunken ganglion cells which ( ontam no pigment frequenth 
dso exhibit displacement of the nucleus toward the peripheri and other 
nuclear changes In some inst inccs. the nucleus actualK is extruded from 
the cell 

Preparations of ipparenth normal gingha not uncommonh (xhibit 
some shrunken ganglion cells which stain intensely, particularly after 
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formalin fixation (I jg 84, L) Doth the q topln'ini and the nucleus appear 
hjptrchromatic, but the cliromuhnl substance in the cNtoplnsrn does not 
exhibit discrete Rratuiles Uhis staining reaction according to Oauma 
(1029), IS (letemimed b> the ox\gcn cemtent of the cell and need not be 
regarded as mdicitne of a pitliologic state It prolnhh mdtc.itcs a 
particular pluise of coll netieitx 

Neurofibrillar Changes — Most of the histop itholngie tliangts in autonomic 
ganglion cells dtscriluxl nho\e inxoKe changes in the ncurofihnlhr struc 
turc m some degree Ihe rttn)gressi\e thnngcs following injury to the 
axon or its complete mterrupiton soinctinies involve Iivpcrtrophv of the 
neurofibrill ir structure pirticulnrlv in the pirinuclc ir 7onc (Law rentjew, 
1925, de Castro 1929) anil hvalini/ntion of the pcnplitril tv toplism with 
or without nturofihrillar hvpcrtniphv (de Castro 1911) Hvpertrophv 
ami c(nle*seente of the neiirofilinls in some of the ganglion cclK h'w 
been reprirtexl m certain flist'ise*s, pnrtieularlv hvdmphohn and tabes 
(dc Castro 1929) 'llie mtirprotation of ob>ervcd ncurohhrilhr clnnges is 
p irticuhrlv difiicult because Ibe ap|M. irniice of the neurofibrill ir structure 
III sections is dctcnnmixl I irgeK bv tbc fixation and the staining technic 
cinploved Not iiirrexjucntiv iiuHhhentions in the neurofibnlinr network 
represent artifacts 



Dendritic Modifications — Budding and livTiertrophv of the dendrites of 
some ganglion cells occurs not uncoinmonlx particuhrlj in atlvanceel age 
Short dendrites not infrcquentlj present a tuberose or beaded nppearan^ 
and terminate m club sliaped enlargements Longer dendrites frequentb 
exhibit irregular local tluckeniiigs b\ virtue of •wbicli thev appear high!' 
distorted (big 8G, Ji) In some instances dendrites give rise to new 
processes of variable length and caliber winch form one or more complex 
brushes or tracts (Fig 87, A and B) Structures of this kind have been 
reported bj de Castro (1931) particularlv m cases of tabes alcoholism and 
multiple sclerosis and b> Kuntz (1938) m cases of adv anced carcinoma and 
semlitj 





397 


gangua akd ganglion cells 

New dendritic processcb arise rclntn eU hte Some imestigitors, 
prrtmuhrli de Cistro (1918, 1923) and Lev. (1925), have supported the 
assumption that autonomic ganglion cells mav undergo continuous differ- 
entiation throughout life More or less elatorate pence lular dendritic 
nests are not uncommon particoKrlv after the age of fortj ^lev ma> 
include terminal branches of dendrites of adjaeent gingllon cells or onij 
dendrites of the s irae cells ^^hlchh'l^e grown rehtiveh long 'ind, bnnchmg 
profuseU , form i dense fibrous structure wmnd the cell bod\ (1 ig C 



I la 67 — Photomicroffraphs of Ran^ion cell’* (human aRo sc\ent> -eight years) showing 
(A) hj jvertvophj of Aendntos (B) dendrUic biU'th and (C and D) peiicellniar dcndntic nosts 


'vn<l D) In the more cHbortte dendntic nests the tcrmin'il brrnches of 
the dendrites resemble the termin'il branches of axons In the simpler 
ones formed b^ the terminal branches of dendrites of adjacent ganglion 
cells the processes in\oI\e(l retain their t'pical dendritic appearance In 
some instmccs numerous short dtndntes which do not penetrate the 
ganglion cell capsule undergo anastomosis, thus gi\ing rise to simple or 
complex fenestritions 

Changes in the Interstitial Tissue —Preparations of autonomic ganglia 
taken from new-born or \oung children contain rehtnelj little interstitial 
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supports the theor\ that the ^ nnclering elements in question nre ph'igoc\ tes 
and indicates quite clearh that thea take part m the transportation of 
aiaste metabolites toaiard the blood a essels, thus facilitating tlieir elimina- 
tion through the blood stream 

Preparations of autonomic ganglia taken in cases of infectious disease, 
if not complicated b\ the changes described abov e present quite a different 
histologic pictiu-e There ma\ be but little increase in the interstitial 
connecti\e tissue or none but, inman\ cases in which marked changes m 
the ganglion cells is let are not apparent there mai be marked capillari 
hvperemia According to Staramler hipereinia of the autonomic ganglia 
in cases of infection commonh is accompanied b\ abundant diapedesis of 
white cells which become aggregated in the perivascular Kanph vessels and 
graduallv invade the interstitial tissue throughout the ganglion bnder 
these conditions the invading cells are mamlv Ivanphocvtes and mono- 
nuclear leukocv tes \lthough neuronophagia m IV be evident Ivanphocvtes 
and leukocv tes are not commonh found m lirge numbers within the gan- 
glion cell capsules Phagoev tic destruction of autonomic ganglion cells is 
observed onlv rarelv m cases of acute infection 

Although acute infectious diseases result in inflimmatorv reactions of the 
blood vessels and connective tissue framework of the autonomic ganglia 
and retrogressive changes m the ganglion cells which m ^ome instances 
result in necrosis of inanv of these cells the infecting organisms arc rarelv 
observed in the autonomic ganglia In prepantions taken from a wide 
varietv of infectious cvses Stimmler (1923) observed bacterial organisms 
m the autonomic ganglia in but a single else a case of streptococcus 
septicemia He therefore concluded that the pnmarv degenerative 
changes in the autonomic ginglion cells represent reactions to toxic sub- 
stance and that these reactions call forth second irv mflammatorv re ictions 
in the ganglia 

This point of view I's supported bv certain dat i reported bv 1 ischer and 
Kai&erling (1939) In their experiments on rabbits, Ivanphangitis ind 
adenitis induced bv serum injections in the hanphatics of tlie pelvic 
V iscera was accompanied bv infi immation of the ganglia of the svanpithetic 
trunks Injection of sterile antigens into the Ivinpliatics of the hv er and 
gall bladder which resulted m local inflamm ition also resulted m inflam- 
mation of the cclnc ganglia Their findings not onlv demonstrate the 
capacitv of noninfcctive toxic substances to produce svmpatheticogangli- 
onitis but also emphasize the importance of the Ivanphatic-s in the extension 
of mflammatorv processes from focal areas to adjacent autonomic ganglia 
Disturbances of autonomic function associated with endometritis Kanpha- 
denitis pancreatitis etc in manv cases undoubtcdlv can be explained on 
this basis 


ModiBcations of Gangbon CeU Capsules— The pathologic changes in 
autonomic ganglia not mfrequenllv include thickening of some of the gan- 
glion cell capsules and hvperphsia of the lining cells The thickening 
involves mamlv the non-cellular membranous portion m contact with 
the \mmR ceUs rest the l.nins, cells increise iti number thet 
become more prominent mil some of them no longer lie in confict ti itli the 
memhnnoiis lat er of the ctpsille Some ippetr to be dettclied from the 
lining of the ctpsule and he in contnet nith the ganglion cell liodt causing 
slight indentations in its ct toplasm Most of the cells ti itliin the 00 ^! 
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chromidnl substance in some of the ganglion cclk (5) degenerate e changes 
m occasional ganglion cells particiilarh in ad\ anced age mtludmg h\ dropic 
enlargement ^ acuohzation neiironophagia in moderate degree and necro- 
•sis, (6) moderate progres'^ue increase in the qinntitx of interstitial con- 
netti' e tissue from birth to ad\ anced age and (7) thickening of the ganglion 
cell capsules in some degree and the occasional occurrence of free cells ithin 
the capsules \ arntions i\hich maN be regarded as pithologic include (1) 
elaborate de^eIopInent of dendritic nests dendritic brushes etc and 
e\cessne budding and h\pertroph\ of dendrites (2) marked changes in 
the chromidnl structure in large numbers of ganglion cells including 
hj^iocliromatism m some cells and Inperchromatisin in others, (3) e\ccs- 
«:i\e pigmentation of ganglion cells (4) marked degenerate e changes in 
relati\el\ large numbers of ganglion cells particularh in the less ad\ anced 
age group^^ including In dropic enlargement \ acuohzation h\alinization 
neuronophagn and necrosis (5) h^'pc^emla and infiltration of the inter- 
stitial tissue and h^’perpl^sla of both connectue tissue and non connecti\e 
tissue elements and (G) marked thickening of ganglion cell capsules ^ith 
proliferation of the lining cells 

The histologic \ arntions in autonomic ganglia which are related to 
disease like those which are related to ige fall into certain general cate- 
gories consequenth their relation to particular disea^se processes in mdi- 
ndual cases mai not be apparent Triig and Kernolnn (1933) described 
the a arntions obsen ed m tlie most e\tensi' e series of snnpathetic ganglia 
remoied surgicilh which has been available for stud\ including ganglia 
removed m the treatment of Rnnaud s di5>eise thrombo-angiitis obliter- 
ans chronic infectious arthritis scleroderma etc Tliev have regarded 
the histologic findings in this series as withm the limits of nonnal variation 
Their criterion of norm il histologic v arntion has been based on a studv of 
preparations of ^vinpatlietic gnnglu taken it autop'-v m 40 consecutive 
cases following death due to various cau'-es excluding the diseases m the 
treatment of vv Inch the ganglt i in their surgical senes hnv e been remov ed 
In view of the criteria of variations related to di'teasc outlined above 
the establishment of a norm on tlie basis of observ ations on preparations 
of human ganglia obtained at aiitopsv must be regarded as hazardous 
because of the effects of pathologic conditions either preceding or asso- 
ciated vv ith tlie cause of death w Inch mav bav e exerted an influence on the 
sjTDpathetic ganglia vnd ganglion cells 

In a studv of a somewhat similar but less extensiv e 'series of svanpathetic 
ganglia removed surgicallv Kuntz (1934) using a criterion of normal 
variation based on a studv of prtparitions of ganglia obtained from normal 
animals reported histologic variations wlncli could not be regarded as 
falling within the normal range Of these the most significant include 
marked infiltration of the interstitial tissue diminution of the chromidnl 
substance m a large percentage of the ganglion cells In dropic enlargement 
of a small nimiber \ acuohzation and hvahne degeneration of an appre- 
ciable number and neuronophagn of relatneh few Some of these varia- 
tions obviouslv are related to dissase but since those observed in the 
various cases fall into the same general categories those observed m a 
particular individual case cannot be regarded as specificalh related to the 
disease process m question 
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depression of the \ nsomotor nppnratus nrc most m'vrked also ‘\re 'iccora- 
panied h\ the most marked degencratn e changes in the autonomic ganglion 
cells On the other hand, certain infectious diseases usualh are not ac- 
companied bi marked i isomotor disturbances e\en though mani of the 
autonomic ganglion cells undergo pathologic changes 

Chronic infections as nell as repeated acute infections and other forms 
of intoxication imarnbU result in necrosis of main autonomic ganglion 
cells and less extensile damage to others resulting in impairment of func- 
tion of the autonomic nerious sastem m a greater or lessder degree Al- 
though It must be assumed that the autonomic ganglion cells possess the 
capacitN for recuperation iMthm relatneK wide limits it is not incon- 
cenable that eien moderate pathologic clunges m these cells ma\ result 
in changes in their reactnita of rclatiteU long duration Man\ xisceral 
neuroses iindoubtedh ln^e their origin in functional impairment of the 
autonomic ner\oiis s^&tera The finding b\ D \mato and Marci (1905) 
of chronic parenchMnatous and interstitial inflammation of the enteric 
ganglia in cases of gastritis is in full accord with this assumption On the 
basis of extensue clinical studies LaigncM avastine also expressed the 
opinion that man^ of the neuroses of the gastro intestinal canal have their 
histopathologic substratum in impairment of the autonomic ner\ous 
s^stem A significant role of lesions of the autonomic neraous sastem in 
the genesis of arteriosclerosis iNo is indicated b\ extensive clinical and 
experiment il findings (St iinmler 1921 Danisch 1928 and others) Ihe 
common occurrence in s\mpathetic ginglia removed surgicallv in the 
treatment of chronic poU arthritis Rav n lud s disease and other peripheral 
vascular diseases of histologic changes indicative of hvpenctivitv of the 
ganglion cells (kuntz 1934) supports the assumption that irrespective of 
Its cause, peripheral vasomotor hvperactivitv is a significant factor in the 
progress of diseases charictcnzed bv vascular hvpertomis particularh in 
the extremities 

Neoplasms —Tnie nerve tumors i c neoplasms which consist of 
nervous tissue elements occur rclativelv infrcqiientlj but are more com- 
mon in the autonomic than in the central nervous svstem Thev also are 
more common in the svinpatlietic than in the parasvTnpathetic division 
Neoplasms of the autonomic sxstem include both benign and malignant 
tumors but their clinical manifestations are not well known In most of 
the cases reported the neoplasm was not recognized chnicallv but was 
discovered at autopsv and usuailv regarded as a purelv secondarv finding 
Malignant neoplasms of the autonomic nervous svstem occur almost 
exclusiv elv in infants and \oung children The sv mptoms most cominonlv 
associated with them according to Stern and New ns (1937) are pain m 
the lower extremities swelling of the abdomen and periodic fever Benign 
tumors of the autonomic svstem max occur at anv age The fact that 
thev usuallv are not recognized clinicalh suggests that thev exist without 
giving rise to marked sv mptoms In most coses neither the patient nor 
the phvsicnn is aware of tlicir presence Svonptoms referable to a benign 
tumor of the autonomic svstem are due mainU to the mechanical effects 
of the tumor mass In some cases thev max warrant surgical interference 
Neoplasms of the autonomic nervous svstem mav be classified as (1) 
neuroevtomata (2) neuroblastomata (3) svanpathoblastomata (4) gangli- 
oneuromata (5) paragangliomata and (C) neurofibromata, all of which are 
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closel\ rtlnted ontogcnctJcnlI\ All the cellular tNpes not onl\ merge 
almost iinpiruptihU into out nnotlicr hut celh in all stages of de\elop- 
incut also mnN occur iii tlit saint tumor Ncurofihroinntosis maj be com 
billed ith am of tilt other tj ik-? of tumor fonnation 

Neurocytoma — J he iiturotNtonm consists inainU of iindilTercntiated 
cells of ntr\ous origin Marclmnd (1W)7) rciKirted a tumor of this t\'pcma 
man aged fift\-stx \cars which ht dc-'crihed as a neuroc\toma of the 
Gasstrnn ganglion Actsirtlmg to his account it was composed of 
imdifTercntiated round, oval or |x>l\gona] cills with homogeneous cj-to- 
plasm and a large vt'sitular nucleus No fibrillar structure was apparent 
III the ground suhstnnet Wright (IHIO) pointed out that the cells 
coni|H)>uig neoplasms <jf this tape arc luurocjtes in the undifTtrcntntcd 
stage In some mstanees tin ground substance reveals delicate fibrils 
w Inch rcaet to Mallorv s stain neither like neuroglia, collagenous fibers nor 
fibroglia l)ut re*semhle tin fibrils vvhith tx'eur m tlic primordia of the 
autonomic nervous svstem Doth the colls and filirils m the tumor exhibit 
tlu s imc morphologic il tharnt t< rs and arrangement ns the cells and fibrils 
lu the awtoiioime primortU v mvd ndninl tmslulla 'I he fibrils tend to run 
III parallel bundle's with wlucli chnmetenstic nggrtgate-s of cells nre asso- 
ciated rrcpnrntions of tlie“M tumors exlubit ball like structure's compO'>cd 
of two or tlirc'c coiuxntne rows of michi surrounding a central meshworkof 
delicitc fibrils wlucb esmfonn to tlie nisettes dcstrilHsI bv Kustcr (190o) 
in prcpirations of neuroblastoiimtn hut arc not mor|>hologicill> identical 
with the rosettes whieli art chnnieteristie of the glioma Inasmuch as 
undifTercntiatcd tells of iicrvoiid origin (indifferent eills) migrate from all 
parts of till tentral nervous sv^tein Wright (1910) advanced the opinion 
that neuroevtomnt i mav occur m am part of the Ixxlv Having himself 
retsignirtsl four tumors of this tvpc m a single vnr lu nKo concluded that 
neuroevtomnta occur more frexjucntlv than is mdit ittsl l»v the number of 
reported easts 

Neuroblastoma — I he neuniblnstoms is a malignant neoplasm which 
ninv involve am part of the nervous svstem It occurs most frcquentlv 
at the site of a svanpithctie ganglion m the adrenal medulli or elsewhere 
behind the peritoneum w lie nee it commonly mctnstnsircs to the liver 
skeletal svstem and Ivmpli nodes Of 40 cases reported b^ Lewis and 
Goschikter (1934) the prmmrv tumor was located in the adrenal medulla 
or an adjacent svmpithctie giiighou m 33 It is composed mainlv of 
neuroblasts which tend to l>ccomc arranged m solid masses of fibnU 
(Kustcr s rosettes) 1 ibrils usuallv arc present in the ground substance, 
although some tumors of this tv pc exhibit v erv little fibrillar differentiation 
As pointed out bv landau (1913), tlie fibrils onlj represent a degree of 
differentiation of the cells If the cells remain m the carl^ phases of neuro- 
blast differentiation fibrils scarctlv are apparent and the tumors maj 
present a histologic picture similar to that of a Lanphosarcoma but if cell 
elifferentiation has advanced bevond the earliest neuroblnst stages the 
fibrils are more numerous In general, the degree of differentiation of the 
cells in these tumors is correlated with age Most of the neuroblastomata 
reported have occurred in infants or voung children Over 80 per cent of 
those in lleid s (1928) series occurred m patients under two and a half 
j ears of age Meunier (1927) reported the occurrence of a topical s^anpath 
etic neuroblastoma m a girl, aged six and a half jears A few neoplasms 
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probabh of this t\pe in ndults ilbo have been reported (Ritter, 1925, 
jSfeltzer, 192G) The vounper the patient the less differentiated are the 
cells and the more malignant is the neoplasm Landau emphasized the 
direct relation of the tissue differentiation the charicter of t!ie tumor and 
the age of the patient to one another If the host survives, tissui differ- 
entiation increases with age, while inalignancv deceases and the tumor 
assumes the appearance of a malformation ^lost of the neuroblastomata 
of the differentiated tvpe include cells m various stages of differentiation 
but either those of the undiffercntiatetl or those of the more differentiated 
tvpe predominate I oci of indifferent cells also mav be present Differ- 
entiated cells occur but less frequentlv, in the undifferentiated neuro- 
blastomata Indeed, neuroblastomata mav exhibit anv combiintion of 
differentiated and undifferentiated tells (^\ah!, 1914) 

The pnmarv diagnosis of a neuroblastoma has rarelj been made without 
a biopsv During the carlv stages of the disease sv mptoms mav be absent 
Not infrequentlv the first ev idenct of the disease is due to metastases in 
the head resulting in intracranial pressure with protrusion of one or both 
eves discoloration of the evehds profound anemia and swellings about the 
bones of the skull Drowsiness optic neuritis and blindness mav follow 
Bov d (1920) has called attention to the peculi \r tv pe of periosteal reaction 
and calcification which is associated with metastasis m the bones This 
osseous lesion, as has been pointed out bv Holmes and Dresser (1928), 
vields a characteristic ro< ntgenogram which mav be regarded as pith- 
ognomonic of the neoplasm 

Sympathoblastoma —The sunpathobhstoma represents a somewhat 
later stage in the differentiation of svmpathetic nerv c cells th in the neuro- 
blastoma It is a malignant neoplasm, occupving a position midwav 
between the undifferentiated neuroblastom i and the ginglioneiiroma and 
IS composed mainlv of cells which have become differentnted bevond the 
neurobl ist stage M irtius (1913) described a neoplasm of this t\ pe m the 
cerv ical sjanpathetic of a bov aged tv\ o and a half v c irs Scott Oliv er and 
Oliver (1933) reported 4 cases from their own liboratorv and 128 oases 
collected from the literature m which svanpathoblastomas had their origin 
m the adrenal medulla Tumors of this tvpe according to Chandler md 
Norcross (1940) are relativelv rare but mav occur in various locations and 
give rise to a multiphcitv of svanptoms In general those lu the vounger 
patients are less differentiated and more m ihguant than those in the older 
ones 

Ganglioneuroma —The ganglioneuroma represents a later stage in the 
differentiation of nerve celL It consists mainh of ganglion cells and 
fibers The ganglion cells exhibit a w ide range of v ariatinn both m size and 
general morpholog> Man> of them are relatively small round cells which, 
m their general appearance have little in common with nonnal ganglion 
cells Their nervous origin is indicated bv the vesicuhr charicter and 
meager chromatin content of the nucleus md the charicter and arringe- 
ment of the chromidial bodies m the evtophsm (Oberndorfer 1907, Pick 
and Bielschowskv 1912) The larger cells show all the characters of 
ganglion cells Manv of them are binuclearorpolvanorphonuclear Degen- 
erative changes in the cvtoplasm are not uncommon Main of the cells 
also contain pigment According to Oberndorfer, the ganglion cells are 
not enclosed m capsules Others have described ganglion cell capsules m 
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CNtophsm, transition'll forms multmucleited gi-int cells ganglion cells and 
cistie or hemorrhagic areas are often obsened Aliehnated or unmielin- 
ated nerie fibers also are encountered occasionalU (Herxheimer, 1914) 

Neurofibromatosis —Neurofibromatosis inaoKes mamh the peripheral 
nenes It is frequentli characterized ba the appearance of multiple 
tumors in the subcutaneous tissue, areas of pigmentation, and less often 
b\ a condition resembling elephantiasis (elephantiasis neuromatosa) Ac- 
cording to a on Recklinghausen s original concept these tumors are dena ed 
e\cUisiaela from the perineurium and endoncurium \eroca\ (1908) and 
others hoaieaer haae shouai that in certain cases neurofibromatous 
growths exhibit a era little connectiae tissue but are made up mainla of 
nerae fibers ^ erocaa assumed that the neaala formed nerae fibers are 
deriaed either from the neurilemma or undifierentiatcd embraonic nerae 
cells Other ina estigators haae shown that tumors of this tape maoKe 
both haperplasia of the connectiae tissue and neaa groaaths of nerae fibers 
(Fuchs, 1924) 

In isolated cases neurofibromatosis has been obseraed in the autonomic 
neraous sastein \skanaza (1907) described tumors betaaeen tlie long- 
itudinal and circular museks m the gastro intestinal canal in aahich he 
found ganglion cells and nerae fibers These tumors obaiousla inaolaed 
the ma enteric plexus In rare instances fibromatosis of the nera es suppla - 
ing the bladder and seminal aesicles aKo has been reported (Fuchs 1924) 
Roux (1920) described neurofibromatosis inaolamg tlie saanpathctic fibers 
accompanaing the arteries m the pelaic region in certain cases of sclerous 
and castic degeneration of tlie oaanes accompanied ba dasmenorrhea and 
other pelaic disorders Rroclitr (1927) reported tliree cases of neuro- 
fibromatosis m the autonomic ntraous sastem In one of these the 
growth ma ola cd the ma enteric plexus near the cardiac end of the stomacli 
In another it inaolaed the entire left sainpathctic trunk from the upper 
end of the common cirotid artera to the promontora of the sacrum In 
the third case onl\ the thoracic portion of the left saanpithetic trunk was 
mxolaed In all three the neaarofibromata were ahscoacred xspnreK 
secondara findings at autopsa Kass (1932) reported a rare ca'^e of neuro- 
fibromatosis ina ola mg tlie bladder and the skin in a boa sea en a ears of age 
In a patient aaith neurofibromitosis a avoman pist middle age brought to 
our attention ba Dr Jo<*eph Gnndon the disease was charictenzed ba 
cutaneous and subcutaneous tumors throughout the area of distribution of 
the sa mpathetic nera es dena ed fnun the left superior cera ical sa inpathetic 
ganglion and complete paraKsis of the sampathetic neraes m this area 
i-xammation of sections of the tumors shoaaed that thea were made up 
mamla of haperplastic neunlemma cells The sampathetic fibers had 
undergone almost complete degeneration 
Nicholaasen (1921) A,skaniza (1921) and Katsurashima (1932) called 
attention to alterations in the neraes adjoining gastric ulcers aahich are 
not alw aa s destructia e but exhibit a marked teudenca toaa ard proliferatu e 
degeneratiae actiaita According to Okkels (1927) who carried out a 
detailed studa of the changes in the nm es m the a icinita of gastric ulcers 
m an eatensiae senes of cases the proliferitiae alterations of the nerae 
tissue constitute i central cicatri\ neuroma which niaa originate in the 
enteric pleauses or periarterial neraes Tliese alterations are not specific 
for gastric ulcer, constquentla thea maa be regarded as secondara 



410 




CENTRAL AUTONOMIC LESIONS 


411 


production of peptic ulcer is not ipparent m these cases, since it uas 
associated ith other lesions m the brain stem It probabh represents a 
secondar} effect of afferent impulses arising at the site of the gastro- 
intestinal lesion Neurogenic factors m the causation of peptic ulcer are 
not precluded but m all instances, as pointed out b\ A onderahe, such 
irritati\e lesions in the stomach or duodenum gne rise to more or less 
constant afferent stimulation resulting m reflex aasodilatation in the brain 
stem ^^hlch, m conjunction ^Mth other factors acting diffused, ma\ reach 
the stage of hemorrhage Certain associated disturbances undoubtedh 
are caused b^ the lesions in the \agiis nuclei For example the m irked 
increase in the pulse rate in certain peptic ulcer patients ma^ result from 
loss of the mhibitor\ influence of the \agus neraes due to destruction of 
the cardiac neurons b^ the hemorrhagic lesions Autonomic imbalance 
Avith respect to other Mscera ma\ in certain cases, be explained on the 
same basis 

Autonomic Centers in the Mesencephalon —Certain diseases which 
imohe the mid-brain (encephalitis hemorrhage tumors) are known to 
gi\e rise to pupillar\ disturbances These disturbances are brought about 
bj the effect of the mid bram lesion on the preganglionic components of 
the oculomotor neraes but little is known regarding pathological changes 
in these neurons or their relationship to specific mid-bram lesions 

Autonomic Centers in the Diencephalon —The diencephalic autonomic 
centers are located mamh m the hapothalamus Their influence m the 
regulation of \ isceral functions is exerted m part tlirough descending path- 
wajs which conduct impulses to the \isccral efferent nuclei and m part 
through the lupophasis and other endocrine glands Certain Msceral 
disorders are obaiousla related to hapophaseal lesions but the latter m 
mana instances are causalK related to lesions of the hapothalamus The 
effectof ha popha seal lesions therefore cannot be properl \ ea aluated apart 
from those of the hapothalamic lesions with aahich thea are associated An 
account of the effects of experimental hapothalamic and ha popha seal 
lesions on aarious a isceral functions is included in Chapter In the 
present connection attention w ill be gia en mainia to clinical and pathologic 
data 

Although it is located superficialla and m relation to the aaalls of the 
third aentricle clinical eaidence of damage to the hapothalamus in cases 
of sea ere head injura is obseraed relatiaela infrequentK Faen in fatal 
injuries pathologic changes in the hapothalamus are not commonla ob- 
seraed except in conjunction aaith more extensiae and sea ere damage m 
other parts of the brain (^ onderahe 1940) 

Wounds which inaolae localized areas of the hapothalamus in man 
result in metabolic disturbances comparable to those caused ba exper- 
imental lesions in the corresponding areas m animals Ana injura there- 
fore, a\hich damages or interrupts the hj'pothalamico ha popha seal tract 
maa result in profound disturbances particularla in water carbohadrate 
and fat metabolism Tumors of the hj-pothalamus maa cause ev en more 
diaerse disturbances including somnolence and ha po- ind ha-perthermia 
Tumors adjacent to the ha'pothalamus which cause direct pressure upon 
It or occlude the mtera entncular foramina or the cerebral aqueduct result- 
ing in the accumulation of cerebrospinal fluid m the third aentricle, maa 
produce similar disturbances 
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the heat producing me chanisms are h\ penctl^ e as suggested b^ the alter- 
ations obser^ ed m the tubero mammillar\ nucleus and the smaller neurons 
in the para\ entricular nucleus 

Histopathologic chinges in the h^pothalamus and other parts of the 
brain stem not uncommonh are associated with lesions of tht abdominal 
Mscera In a stiuh of casts with lesions m the h^pothaldm^s or the 
mesencephalon or both reported b\ Tned (1936), 18 ga\e eaidence of 
direct imohement of the autonomic neraes while 6 presented pathologic 
changes in thi gastro-intestmal tract Conaerseh \onderahe (1939) 
reported postmortem findings in a series of peptic ulcer cases which in- 
cluded multiph himorrhagt in the anterior portion of the hvpothalamus, 
particuhrh thi para\ entricular nucleus and the graa matter in the wall of 
the third \ entncle and in some cases the supraoptic nuch us The neurones 
in these areas show ed a ara ing degrees of retrograde change These lesions 
probubh are to be regarded as si cond ar\ to the gastro-mtestinal le&ions, 
due to the reflex effects of afferent impuhe-5 arising m the latter The\ 
maa nonetheless plaa a role in the progress and the sequel e of tht a isceral 
disease 

In certain cases ha pothal imic lesions undoubtedh pla\ a role m the 
causation of gastro-intestmal lesions In experiments on dogs reported b> 
Keller (193G) and Ixeller and I) \mour (19^0) lesions of the ha pothalamus 
resulted in hemorrhagic ind ulceratiae lesions in the gastro-mtestinal 
mucosa In a senes of animals in aahich bilatenl aagotoma was earned out 
before placing the hapothahinic ksion tapical hemorrhagic states de- 
a eloped in the gastro-intestm il mucosa but no ulcers In another senes in 
which the lower thoracic and abdominal portions of both sampithetic 
trunks had been remoa ed prior to pi xcing the ha pothalamic lesion ta pical 
gastric and duodenal ulcers dea eloped but no hemorrhagic states were 
obsiraed These results stem to support the assumption that saonpathetic 
oaerstimulation ma\ be a factor m the causation of the hemorrhagic 
States whereas ulceration is faaored b\ parasampathetic oaerstimulation 
Remoa al of the hapopinsis exerted no apparent effect on tht responses of 
the gastro-mtestinal mucosa in these experiments Ilceration apparently 
was precipitated not because of the lack of hapophxseil secretion but due 
to some neural derangement m the hapothalamus 

The infectious agents of certain diseases not infrequentla reach the 
ha'pothalamus a la the blood stream the olfac torx and optic pathw aa s and 
the meninges \im'5es which extend along the nerae pathways connected 
with the hapothalamus according to Sabin and Olitska (1937 1938) tend 
to localize in it and produce loc iI necrosis Fhe a irus of pohoma elitis not 
infrequentla inaades the hapothalamus along these routes The ha po- 
thalamic lesion caused ba this airus as pointed out b\ Schonholzer (1937), 
not infrequently result in disturbances of a isceral functions including 
taohacardia periodic sweating unnary retention constipation etc One 
case reported b\ Schonholzer terminated with par ila tic ileus Hapothal- 
amic sandromes associated aaith epidemic encephalitis are not uncommon 
According to aanous iny estigators mcludmg a on Economo (19il) and 
Eaaes and Croll (1930) the hypothalamus is inaambla myoKed m this 
disease and more extensu eb th an any other part of the hr un except the 
substantia nigra Inflammatora changes in the yaalls and floor of the third 
y entncle m tht St Louis tape of encephalitis ha\e been reported partic- 
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ularlj Lo^\cnbu^g ntul S^bmdcn ( 1030 ) In cii8c*i of measles complicated 
^vltb encephalitis lilnlninud ( 1017 ) found perivascular dtin\clinization> 
glial proliferation, congestion nnd licmorrlmgc in the b>potbnlninU3 ns well 
ns alterations cisevv here in the bmm *1 he oecurrence of dnbetes insipidus, 
obesitj nnd other hjpotlmlnmic syndromes ns scqucllrc of encephalitis 
associated with scarlet fever, pertussis, diphtheria, mumps, tvphoid fever, 
etc , cmphnsircs tlic damaging effect of the v irus of this disease on the 
hjpothnlnmus In a ease of Ivmphoejtieincningo-enccplmhtis reported bj 
Riggs {lOil-lOG*)), ecliulnr changes were apparent throughout the hram 
but most severe in the nuclei of the tuber cincrctim and the medulla 
Ilistop ithologic changes in the h^potlinlamtis nssfiemlcil with svphilis are 
not uncommon In a detailed studv of this division of the hram stem in 
cases of paresis, Rnshm ( 193 - 1 ) observed p itliologic clinngcs in all instances, 
including marked resluction m the numlnr of neurons pirticularlv in the 
parav cntnculnr and supraoptic nuclei nnd the grnv matter m ihe walls of 
the third ventricle 



CHAPTER XIX 

MSCERAL SENSITIMTY AXD REFERRED PAIX 


Sensatioxs resulting from stimuli applied at the external surface of the 
animal organism and impulses received through its distance receptors plaj 
a major role in the reactions of the organism to environmental factors and 
in its adjustment to the external emdromnent as a whole. Sensations 
resulting from stimuli arising within the body likewise play a significant 
rdle in the adjustment of the organism to its internal environment. The 
\*isceral organs normally are not subjected to the stimuli which constantly 
play upon the surface receptors. They are relatively insensitive to these 
forms of stimulation. iMost afferent impulses arising jn the \'iscera do not 
reach the sensory level, although they play a significant role in reflex 
functional regulation and the general feeling tone. Certain \-isceral stimuli 
give rise to sensations which in some instances are more or less definitely 
localizable; in others diffuse. 

In general, the tdsceral organs, including the central nervous system, 
are insensitive to mechanical, chemical, thermal and electrical stimulation 
in the ordinary sense, i. e., the application of these stimuli to the msceral 
organs, with certain exceptions, does not give rise to sensations. On the 
basis of experimental and clinical observations, certain investigators, 
notably Lennander and jMackenzie, denied the possibility of painful sensa- 
tions referable to any of the internal organs which are innervated solely 
through \'isceral nerves unless the stimulation is of such a natine that it 
spreads beyond the area innerrated solely by the %'isceral nerves and 
afi'ects afferent components of the somatic rami of the spinal nerves. Len- 
nander (1906) advanced the hj'pothesis that all the internal organs which 
are innervated solely through the sympathetic nerves and the vagi, distal 
to the origin of the recurrent laryngeal nerves, are devoid of pain. This 
point of view obviously is untenable. Adequate physiological stimuli, e. g., 
hunger contractions of the stomach, give rise to afferent impulses which 
result in sensations which in general are referable to the stomach. Ade- 
quate stimulation of various other \dscera likewise gives rise to sensations 
referable to the organs in question. 

The production of sensations is conditioned by the character of the 
stimulus and the tissue on which it acts. The absence of sensations due to 
manipulation, pinching, cutting or tearing of the msceral organs has been 
abundantly obser\-ed during operative procedures. In the application of 
any mechanical stimulus it may be observed that on passing from the skin 
into any of the orifices, e. g., the mouth, there is a gradual diminution in 
sensitiveness as the area stimulated becomes farther removed from the 
external sirface. ^ Passing from the mouth distalward along the digestive 
tube, sensiti\-ity is lost at some le%-el of the esophagus. Passmg frmn the 
perianal skin into the rectum, mechanical stimulation elicits no sensory re- 
sponse beyond the line which separates the skin from the mucous membrane. 

bearing on the problem of visceral pain it has almost invari- 
ably been found that when pam was produced by mechanical stimulation 
the stimulus affected tissues which are supplied by sensory cerebrospin?’ 
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no unpiil'ics winch ariose in tins intmbranc reach tlic threshold of conscious- 
ness (Iloirmnnn lOJO, ^Inlltr, 1021, Siimnnncr, 1927, Capps, 1932) 

Circulatory Organs —The Heart —Ihc normal ncti\itit*3 of the heart 
Rl^o rise to no sensations, although in mans instances the impact of the 
apixaganist the thoracic wall nm^ Itcdistincth perceived h\ the palpating 
Imnd It ina\ he assumed tliat the portion of tlu tlioracic wall in question 
his liccoinc so accustomed to the nonnal impact of the heart that it no 
longer guts rise to impulse's winch reach the threshold of consciousness 
^^ilcllc\c^ tlic lutioii of tlic heart lK.toines exaggerated ns hj physical 
exercise or emotional oxtitatiem, the lieating of the heart liecomcs clearlj 
perctptihk In some instances the sensations are referable to the thoracic 
wall m others till \ appear to Ik. rcfornhle to the heart The latter condi 
tioii obtains pirtieularh m cases of paroxvsmnl tnch>cardia m which 
patients not uiicommonlv interim t their sensations ns due to the contrac- 
tion of the h( art musculature Not infiTt|Uciitl\ sueh patients nl'o experi 
once a feeling of inndt<iuatc heart action and heart Ihittcr ’ Sensations 
due to i xaggeratid lie irt netion which are clearlv rcfcrnlilc to the thoracic 
w ill proh il)K result from impulses arising m the thoracic wall due to the 
unusual imp let of tlii apt x heat Not infrequenth , particularh in chronic 
cardiac conditions ixiiggerntesl or irregular heart action gives nsc to no 
sensations "Mnnv pilieiits with chrome cnrtlmc ihscasc are quite unable 
to form accuritc judgments regarding iheir own ennhae aetivitv 

Injuries to tlie heart and infianinmtion of the carehne muscle prohablv 
giv c rise to no sensations w Inch arc rtftrahlc to the heart itself Stretching 
of tlie ventricuhr walls or the aortic ring likewise gives rise to no pain 
reaction (Sutton I9U) The endocanhum also is insensitive to stimula 
tion Innvnimntioii or even ulceration of the endocardium gives rise to no 
sensations I requent failures to recogmre even ulcerative forms of endo- 
carditis attest to the fact that such conditions mnv cxbt without giving 
rise to svanptoms dirt ctlv rtftrahlc to the he irt On the other hand endo- 
carditis somi tunes gives rise to di^'ornfort such ns a feeling of pressure ui 
the cardiac rigion palpitation of the heart and ilvspncn These sensations 
are not dut to impulses arising m the endocardium but to impulses arising 
ns a result of nnpairtd cireulatinn 

Regarding tlie visceral pericardium it nuv be stated that the data 
av ailnblc do not indicate that impulses arising m this tissue ev or reach the 
threshold of consciousness \cconlmg to Sutton (1931), pneking or pinch 
mg of the parietal pericardium elicits pam, but stretching or pulling it does 
not Pericarditis inav exist in the absence of svmptoras referable to the 
heart In severe cases of pericarditis, disturbances occur which give rise to 
sensations of pressure m tlic cnnliac region and not infrequentlv to short- 
ness of breath and a feeling of nnxietv These sensations are not the result 
of impulses arising at the scat of the inflnminatorj process, but are man 
ifestations of impaired heart action or pressure phenomena According to 
Capps (1932) pain associated with pericarditis is due mainlv to three 
complications (1) FlTusion exerting extreme tension on the pericardial 
sac which gives rise to a dull ache or feeling of oppression over the heart, 
(2) mjocarciial involvement due to embarrassment of the coronarv circula- 
tion which gives rise to anginal pain, (3) pleuropencarditis the pam of 
which inav be localized over the heart or referred to the neck or abdomen 
The pain associated with pneumonic and rheumatic pericarditis, according 
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to Capps, is due to pleuropericarditis -which is a frequent complicationjn 
these infections. According to observations reported by Simenauer (1927). 
direct stimulation of the pericardium by contact at the apex of the heart 
resulted in a feeling of pressure on the inner side of the left arm. ^Moderate 
pressure on the pericardium of the right ventricle was not felt but hea-^-ier 
pressure resulted in an unpleasant feeling along the foiuth rib. _ In exper- 
iments reported by Capps (1932), paracentesis of the pericardium at the 
level of the fifth or sixth interspace lateral to the mammary line elicited 
pain in the neck at a point along the trapezius ridge. 

Limitation of the blood supply to the cardiac muscle, such as may be 
brought about by arteriosclerosis or spasm of the coronary arteries, not 
infrequently is accompanied by pain which is directly referable to the heart 
and pain which is referred to the thoracic wall and along the medial aspect 
of one or both arms. The intensity of these pains is comparable to that of 
pains caused by direct stimulation of the cerebrospinal nerves. They also 
are accompanied by a feeling of anxiety, vasoconstriction of the peripheral 
arteries, particularly in the face, and outbreaks of perspiration. The 
ischemic condition of the contracting cardiac muscle probably is a major 
factor in the production of the afferent impulses which give rise to these 
sensations. They are conducted centralward through visceral afferent 
fibers which traverse the s;\-mpaThetic cardiac nerves, but the irradiation 
in the thoracic wall and upper extremities also involves somatic components 
of the spinal nerves through which the preganglionic and visceral afferent 
fibers involved in the innervation of the heart join the sj-mpathetic trunks. 

Pain caused by reduction of the blood supply to the myocardium has 
been amply demonstrated experimentally (Sutton and Leuth, 1930). 
Temporary partial or complete closiue of either coronary artery or vein or 
both invariably gives rise to pain the severity of which varies with the 
degree of closiue of the vessels (Sutton. 1931). ^Mien a single branch of a 
coronary artery is constricted the severity of the pain elicited also varies 
with the size of the vessel in question. Sutton and his collaborators could 
elicit cardiac pain responses in dogs and monkeys only by diminishing or 
stopping the flow of blood to the myocardium: consequently, they con- 
cluded that cardiac pain is caused either by ischemia or anoxemia of the 
cardiac muscle. Lambert (1931), on the other hand, advanced certain 
data in support of the theory that abnormal distention of the adventitia 
of the coronary arteries may give rise to cardiac pain. 

In the dog, according to Sutton (1931), the afferent impulses resulting 
in cardiac pain reach the spinal cord mainly through the cardiac nerves on 
the left side The afferent fibers in question probably are mainlv com- 
ponents of the upper tvro or three thoracic nerves (ilixter and 'iMhite, 
1931; Moore, 1938).^ Although pain of cardiac origin not uncommonly is 
referred to somatic tissues, Hashimofo (1930) demonstrated experimentally 
that stimulation of the afferent fibers which traverse the stellate ganglion 
elicits pain after section of the nerves involved in rhe brachial plexus. This 
result strongly suggests that cardiac pain may exist following section of 
all the somatic nerves involved in referred pains of cardiac origin. 

The Blood Vessels.— Pain of vascular origin is a recognized clinical 
phenomenon but the blood vessels vary in sensitmty -within relativelv 
wide Imuts. The adequate stimuli for pain referable to the blood vessels 
are not fully known. Strong peripheral vasoconstriction not infrequently 
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J3 nccoinpanied b\ pain 1 \ idcnec w not v, anting w Inch seems to support 
the tlicorx that the pam is caused !>\ the contraction of the \nscular 
musculaturt Otlier t\ idtntt seems to jiidicatt that the ischemia pnKluced 
m tlie tissues h\ tlit contraction of the lilood \ cssels ma\ lie a contributing 
factor in tlie causation of pain Under experimental conditions, pam ma\ 
be produced 1)\ tlie injection of irritating substances into the arteries i\ith 
out spasm or strctclung of the arterial muscle and iwthout ischemia ITie 
irritating substances npparontK stiiniilate tlie afferent nenc endings 
winch are located in proxiinitx to the smaller arterial branches (Moore 
and Moort 101*1) To wliat extent chemical stnmilation ma\ plas apart 
m the causation of pain in blood \c^sel3 under natural cemditions as set is 
unknown I xperimental and elititcal data arc not wanting which seem to 
support tlie assumption that nceuiniilated metabolites m ischemic tissues 
ma\ stimulate the receptors closeK assoemtesl with the smaller blood 
\ cssels 

In experiments reported h\ I rolieh and Mc\e*r (1032) the contraction of 
the xnsculnr museiilnturc ehciteel In the mlnnenoiis injection of adrenm 
produced no pain reaction whereas the intm arterial injection of hanum 
chloride ga\ c rise to intense pain Distention of arteries, rcganllc&s of their 
caliber according to Odinnatt (1922) mn\ gne rise to pam due to the 
effect of distention on the permrtcrml nerxe plexus lie also pointed out 
that ligation of certain arteries e g the common carotid iliac and certain 
of the mesenteric arteries, commoiiK gucsri^t to pam wliercas ligation of 
certain otiicr arteries <• g the inferior thxroid and \ tins rareh causes 
pam riiose findings stronglx suggest that the pain enured b\ ligation 
like that causcel h\ distention of arteries is due to stimulation of the pen 
arterial ner\ts The findings of Spicge! and Mnsserman (1920) that dis- 
tention of a portion of the aorta isolatcil h\ a ligature at either end, 
introducing a pbxsiologie saline solution under pressure or the application 
of a stimulating substance to its outer surface gi\cs rise to pam support 
tins point of \iew 

The intimi of the larger xcs'^cls ncconlmg to Odemiatt (1922), is 
insensitnc to irritating substanecs In Ins experiments pam reactions 
following the slow injection of such substances into a larger arterx were 
initiatecl onl\ after a latent period Mlicn the nrtcr\ was ligated distal 
to the point of injection so that the irritating substance could not flow into 
the capillar\ bed no pam reactions occurred On the basis of the«e find- 
ings, he concluded that the pain receptors stimulated be the irritating 
substance are not located in the larger \ es<«els but are associated w ith the 
capillaries 

In experiments reported b\ Bnrgct and Lningston (1931), the injection 
of a 5 per cent solution of lactic acid into the brachial arter^ of the dog 
elicited pain reactions similar to those elicited bA the intra arterial injection 
of barium chloride In experiments on cats reported b^ Moore and Moore 
(1932), pain reactions were elicited bx the injection of a concentrated solu 
tion of sodium iodide into the femoral arterj When the injected solution 
was confined to the arterial trunk bj hgation of its branches no pain 
reaction occurred When the femoral arterioles were blocked with l\co- 
podium spores, the pain reaction was delated This delax suggested that 
the receptors stimulated bj the mjected solution are not located in the 
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arterial vraU but either in relation to the arterioles or capUlaries or in the 
adjacent tissues. 

In a further study of the chemical stimulation of pain receptors, Zvloore, 
iMoore and Singleton (1934) found that an isotomc or normal sodium 
chloride solution (0.9 per cent) may be injected intra-arterially in any 
quantity' or at any rate without causing pamful stimulation even though 
the artery may be* visibly distended. If the sodium chloride concentration 
is gradually increased, pain is elicited when it reaches 3.0 per cent or hah- 
molar strength. Other salt solutions produced similar results, i. e., pain 
reactions were elicited when the total salt concentration of the injected 
solution approximated half-molar strength. 

TiTien sodiiun chloride solutions of progressively diminishing concentra- 
tion were injected intra-arterially painful stimulation occurred when the 
salt content had fallen to 0.3 per cent or one-third isotonic. Other markedly 
hvpotonic solutions and distilled water likewise elicited pain reactions. 
Xormal or isotonic salt solutions also became irritating when they were 
rendered acid or alkaline. On the acid side, the solutions became irritating 
when the aciditj' reached a pH of 6.3; on the basic side, when the alkalinitj' 
reached a pH of 9.3. The pain receptors obriously are more sensitive to 
acid than to base. 

Isotonic solutions of certain salts, although neutral in reaction, are 
irritating due to the natme of the metallic ions. For example, potassium 
chloride stimulates pain receptors in twentieth-molar, and barium chloride 
in fiftieth-molar concentration, as determined by the above investigators. 

According to Bazett and McGlone (1928). the pain produced by arterial 
puncture can readily be differentiated from pain due to other causes. 
According to their findings, a dull aching sensation is felt when the needle 
reaches the arterial wall, which is less acute than the pain caused by 
simple puncture of the dermis but much less bearable. It is diffuse, oiteu. 
referred to a more distal position and not infrequently accompanied by 
uncontrollable reflex reactions. The subject may experience a sudden 
sensation of warmth, sweat profusely and then feel cold, faint or actually 
lose consciousness. The pain accompaming pimcture of different arteries 
is not of equal intensity'. For example, that produced by puncture of the 
brachial arter\- is less intense than that produced by puncture of the radial 
arten,-. Pimcture of small arteries beneath the deep fascia, in the experi- 
ments of Bazett and McGlone, usually were accompanied by a dull achins^ 
pain which was not easily bearable and by reflex reactions of the fainting 
tj-pe._ In general, puncture of the smaller arteries, except those in the 
dermis, was accompanied by more intense pain and more profound reflex 
reactions than puncture of the larger ones. 

The sensations accompaming venipuncture, according to Bazett and 
McGlone, are similar to those caused by dermal puncture alone unless, as 
occasionallc happens, a small nerv'e is affected. In the latter event, the 

sensations experienced are similar to those of arterial puncture but les- 
severe. 


_ Moore and Moore (1933)_ advanced experimental data which seem to 
indicate that the pain resulting from manipulation of the arteries is due to 
^auma of the accompam-ing nerv^. They advanced the opinion that 
uch the pain which attends surgical procedures is caused bv trauma to 
nene fibers rather than by stimulation of sensory receptore and that 
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arttrmi distention and arterial spasm arc onlv of sccondnr\ importance in 
the causation of pun In cases in wliith \nscuhir spasm is accompanied 
by pain, according to tins a lew, there is present a sccondnrj factor which 
probshU 13 the real cause of the psinfiil stimulation 
A s\nnpithetie nc^^ous factor in psm in the extremities associated with 
\ isoeonstriction induced b\ cold appears to In demonstrated b\ certain 
data reported bx Ihndman and Wolkin (1012) In experiments carried 
out on piticnts who had undergone iindatcrsl ccr\icotlmrncic or lumbar 
s\mpithectom\, tliisi inxestigators found that when the nude subjects 
were cxiKiscd in the refrigerator the nonniilK innerxateil hand or foot 
shortlj beg m to sting and at lie and fill tlecidedlN cxild siihjeetn eh , whereas 
these sensations were absent m the sviiipathtctomirexl hand or foot cxen 
though the sNinpitheetoinired extrcmitx was objecti\tl\ ns cold as the 
nonnalli inner\atc<l one ^^htIl sinnll blocks of ite were held in both 
hands the nonnnll\ mtur\attd one pre^entK became painful whereas the 
s\inpathcctomi7tsl one did not Certain of their subjects were compelled 
because of pain to drop the ict from tlic nonnnllv innervated hand in 
fifteen to tlurt\ seconds hut retamet! it m the sempatfiettomircel hand for 
scNcral niinutes without dhcomfort ^^hlk these data indicate that the 
sjTnpithetic nerxes pla\ a role in pam nssociatctl with \nsocon-striction, 
thej do not mdicute the mode of stimiilntinn of the pam receptors 
1 ho nnatonueal rcl itionships of the fibers through w Inch afTcrent impulses 
arc conductcil from tlie penphcral blow! xesscls to the central ncrxous 
svstem are not fulh known hut tht\ arc compoiunts of the dorsal spinal 
ner\c roots ‘'onu of these fibers traxerse the sxanpathctic trunk (Kuntz 
and I arnsxxorth 1^11) but most of them do not In experiments reported 
bj Durget and lixmg'iton (1011) rcinoxal of tlic stellate and second 
thoracic sxmpnthetic ganglia did not alter the responses of the animal to 
the injection of lactic acid into the brachial nrterv on the same side 
According to their findings afTcrent impulses from the bmchial arterj 
reach the spinal cord inainlx through the <lorsd roots of the sexenth and 
eighth cerxicil and first tlioracic nerxes Moore and ^loore (1932) aliO 
reported that neither umlatcrnl nor bilateral extirpation of the lumbar 
sjanpatbetie trunk modified the pam reaction elicited bx the injection of 
sodium iodide into the femoral nrtcrx Ob\ioiisl>, most of the fibers 
inx olv ed in the conduction of nfrerent impulses from tlie peripheral arteries 
reach the spinal cord without trnxersmg the sxanpathctic trunk Moore 
and Singleton (1933) reported experimental data winch indicate that the 
afferent nerxe fibers xxiuch are stimulated bj irritants injected into the 
hepatic, splenic and inferior mesenteric arteries enter the spinal cord m 
the thoracic region xxhereas the fibers of similar function related to the 
renal arterj enter the spinal cord m the lumbar region Afferent impuUes 
xvhich are conducted into the spinal cord from tlie blood x essels, according 
to Brjussowa and Lebedenko (1029), are conducted upward m the xentral 
portion of the lateral funiculus on both sides 
Alimentary Canal —Esophagus — Tlie esophageal mucosa is sensitix e in 
some degree, particularlj to thermal stimulation The presence of food in 
the esophagus usually is not perceixed unless it causes marked distention 
of the esophageal museulature In tests carried out on himself, Herz (1911) 
could discox er no sensitix it> of the mucous membrane of the esophagus to 
tactile stimulation, although the pharyngeal mucosa was found to be 
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sensitive. In the experiments of Pa^t-me and Poniton ^ 192 / j. cB. 7 pe<i oul 
on themselves, pain localized in the portion of the esophagus in”o!ven ^ 
produced by stretching of the esophageal vrall. This pain vras re^e*- ea o,- 
peristaltic contrac-tions vrhich overc-ame the stretch, or by posrtral acapra- 
tion of the viscus vrhich increased its capacirr. Pen^alnc contractions 
vrhich failed to overcome the stretch resulted in more intei^e pain. ^ Con- 
tinuous stretching of the esophagus gave rise to burning pain ' 

Thev also experienced pain in the esophagus during musccdar re.s-^i.ion 
follovring a peristaltic vrave. In their experiments, pain in tPe esopnsgt^ 
always was associated with high tomis and probably was cause-l by stretch- 
ing and deformation of sensorv newte endings in the esophageal trap., in 
experiments reported.by PoUand and BloomSeld ( 193 ij’. mnation o: small 
balloons in the esophagus gave rise to sensations akin to paki which ixsmLy 
could not be accurately described by the subject and frecuentLy wene 
identical with spontaneous “digestive dL-comrort^r. The-e serLSctmis 
were localized most frequently at the xx-Tjhoid or in the s-iprastem.'! r.' T/h. 
sometimes over the anterior chest wall or in the beck and rs:rely in the 
neck or face. 

In experiments reported by Jones ( 193 S;. in “'hich the e^ophagm wa- 
distend^ or blocked at dmerent levels by means o: en fnhated hihicin 
most of the subjects felt only a sensation of uneornfortable fdln':; "whierj 
the balloon was innated in the upper portion, and less than 2 '}' gic.’ cirn 
noted a burning sensation. As the stimulus wa- appiied at ic'".-': eih 

the sensation of fullness, or pressure, diminished and that of Lea t <'r h’li-Mniii, 
increased, "^lien the balloon was inflated in the lower rcrtht n' nhe 
esophagus most of the .subjec-rs e:g>erienced de.hnite Chui 

sensation probably i= associated with reverre^I treri'-tafrie c'jr,*u’acrii)*ii li- 
the esophageal musculature. Fluoroscopic ena rninarion o: pc*aejini oe'*'- 
encing heartburn, as reported by Jones, showed dehnite rerer ’ .c 

ac-ti'viPv in the lower portion of the esophagu-. V^Tien rhi. i'r' 
sided the sensation of heartburn almost completely rjn ' 

reappear with inc-reased intensity,' when the anriperf-mitri i'M‘ 

recurred. In most in.=U:anees the ■sensations; were lo-ealrzi'-: 'y,, 

sternal line and approximately at the level of the sTirriuirj', 

Stomacli. hlanc ot the recorder obserwation- regardrr.’.r - ij- i ' 

of the stomach support the theor:.- that thh vbcus L-lrr-e.c'hh 

ical, chemical, thermal and elecyrieal stimuli. It maw be c,,w 
vTise injured during operative procedures, carriel out undw irV • ’ -r'J' ! ' ^ 



tv'pes of gastatis, substanc-es normal for the sromaeli.- rA . - ^ 
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or gastric juice, may c-ause pain. Stronz tonic contrarti''- - n ’ ' , 
also give rise to pain. Such reaction- -- -■ ' ' ' '''' " 
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but the injured mucosa must be r 
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contractions in that they possess the positive character that directs atten- 
tion to food and eating When the gastric mucosa is stimulated in this 
manner during a period of hunger contractions it is quite impossible to 
differentiate the sensation caused by the chemical stimulus from the 
sensation of relief from hunger It is evident, therefore, _ that chemical 
stimulation of the gastric mucosa plays an important role in appetite and 
the desire for food 

On the basis of extensive experimental observations and a review of the 
literature bearing on the subject, Herz (1911) concluded that “the sensa- 
tion of fullness in the stomach is due to tension on its muscular coat, and 
depends very little, and only in extreme cases, on the stretching of the 
abdominal wall ” Impulses arismg m the gastric mucosa probably play 
no part in the sensations of fullness As pointed out by Carlson (1916), 
tension on the gastric musculatm’e alone, % e., mtragastric pressure, does 
not result in a sensation of fullness under all conditions The intragastnc 
pressure at the height of a period of hunger contractions of the empty 
stomach, when distended by a rubber balloon, frequently exceeds that 
which, according to Herz, is required to cause a sensation of fullness, 3’'et 
the sensation experienced under these conditions is not one of fullness 
but of emptiness Carlson, therefore, concluded “that a certain amount of 
tonus reaction of the stomach must be present before tension or pressure 
on the walls of the stomach produce the sensation of fullness ” 

The sensation of satiety following a palatable meal probablj' arises 
independently of impulses emanating from the gastric mucosa. In order 
to insure this sensation, eating must be preceded bj’^ some degree of hunger 
and appetite, the food must be palatable and must be eaten in sufiBcient 
quantity to produce moderate distention of the stomach but not the sensa- 
tion of fullness The sensation of satiety, according to Carlson, “involves 
the element of contrast between the uncomfortable tension of hunger and 
the sensation of fulness, together with the lingering memories of the taste 
and smell of the food ” 

Nausea is a very complex sensation which is referable onlj'- m part to the 
stomach It may be initiated bj^ stimulation of the gastric mucosa, but 
usually involves other factors, and not infrequently arises entirely inde- 
pendentlj" of gastric disorder It probably always involves a characteristic 
feeling of distress referable to the stomach Under certain conditions, 
nausea seems to be allied to hunger. In Boring’s experiments, some of the 
subjects (normal men) confused mild nausea with hunger. Such confusion 
is regarded by Carlson either as pathologic or due to superficial analysis. 
Both nausea and hunger involve sensations of uncomfortable tension and 
pain and cause salivation In some persons, both these states also involve 
bodily weakness, headache, dizziness, etc., but “the distinct ‘sickness’ 
character of the gastric distress in nausea,” according to Carlson, is lacking 
in normal persons m any stage of hunger. The central effects of nausea, 
in normal persons also are unlike those produced bj" hunger Nausea is 
incompatible with appetite; hunger commonly intensifies the desire for 
food Since hunger, though normally caused by stimulation of the kin- 
esthetic nen'es of the stomach, like nausea, maj^ be caused bj’^ stimulation 
ot the nerves of the gastric mucosa, it is not unlikely that intense hunger 
in persons with an unstable central nervous organization, mai- be accom- 
pameci bj" nausea or become apparent^ identical with it 
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llic gastric factor in appetite clepcmh maiiiK on moderate chemical 
stimulation of the ntr\tH of the gastric mucosa, while the sensation of 
hunger arises from stimulation of nerxes m the submucosa or muscularis 
l)\ a certun tjpc of contraction of the emptj or ncarlv eniptx stomach 
which has been called the hunger contraction (Carlson IDIO) Although 
certain iinestigators had prexioiislx pointed out that tlie stomaelis in 
starMiig men and animals arc tonienlh contraett^d, BoldircfT (1905) earned 
out the first sxstcmatie atudj of gastric motilit> during starvation He 
observed in dogs, at Icist during tlic fimt tliree to four davs of stanation, 
that the stomach e'cbibits nltenintc jicriods of strong contractions and 
absolute quitscente In bis experiments the pcriwls of contraction lasted 
20 to 30 minutes, the jitriwls of quiescence 1 5 to 2 5 hours During a 
period of nctivitv 10 to 20 contractions separated b\ intervals of 1 to I a 
minutes took place Ihe contractions were at first feeble and graduallv 
reached their maximum strength at the end of tlic iKriwl Contractionsof 
the intestine also were ob'-erved during these periods BohhrtlT observed 
that these contractions of the cinptv stomach arc stronger than gastric 
peristalsis during digestion He did n<»t nssociate them with the cause of 
the sensation of hunger mninlv licenusc he ohserveel that thej dimmish m 
strength with the length of the period of starvation He ndvancetl the 
opinion that the contractions of tlie stomach anil intestine during starva- 
tion arc mitmtcd tlirough the vagi hv the state of hunger in the brain 

In n senes of experiments earned out on n man in whicli a graphic 
record of the giustnc contractions was obtained bv means of a rubber 
balloon winch had lipcn swallowcel into the stonmcli Cannon and A\nshbum 
(1911) sliowcd tint tlie perunh* of contractions of tlie emptv stomach 
coincide with tlie periods of hunger sensations and that each contraction 
svnchronizcs with a hunger pang TIicv also obtained evidence that 
contractions occur m the lower thml of tlic esophagus which are svnehro- 
nous with the gastric contractions Tlicv concluded that esophageal con 
tractions plav a part in hunger Tlic' also noted that the sensation of 
hunger tends to lag behind the gastric contraction both at its beginning 
and Its tcnnmation Ou the basis of their cxpcnmcntnl results, thev con- 
cluded that these contractions of the stomach and lower tlurx! of the 
esophagus cause the sensation of hunger through stimulation of sensor} 
nerv es 

Althougli the assumption of Cannon and ^^nshbu^n was essentiallv 
correct it remained for Carlson and his students (1912) to demonstrate, m 
man and experimental animals that the sensation of hunger is caused b} 
contractions of the emptv or nearlv emptv stomach of a certain tv pe and 
that the sensor} nerve fibers involved are not those which suppl} the 
gastric mucosa but those which suppU the submucoso. or the muscularis 
Carlson (1914) also obtained certain experimental evidence which he 
interpreted ns indicating that the hunger contractions ore initiated m the 
stomach itself ond, m a large measure, are independent of efferent impulses 
emanating from the central nervous s}stem In his experiments, moderate 
exercise had little stimulating effect on gastric tonus and hunger con^ac- 
tions IVIoderate stimulation of the nerve endings for cold had no effect 
but intense stimulation of these nerve endings inhibited hunger contrac- 
tions As an after-effect there was an increase m gastric tonus and hunger 
contractions Intellectual processes seemed to have no effect except as 
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they caused inhibition of gastric tonus and hunger contractions through the 
splanchnic nerves. On the basis of these experimental findings, he con- 
cluded that “in normal individuals (man, dog) the vagogastric tonus 
apparatus, at least so far as it concerns the empty stomach, is physio- 
logically isolated from the exteroceptors and from many, if not ail, central 
processes.” He admitted however, that this mechanism is affected by the 
nutrient content of the blood when he advanced the opinion that “the 
biological significance of this exceptional and unique isolation of the tonus 
apparatus of the hunger mechanism probably lies in the importance of the 
himger mechanism being regulated on its positi^'e side primarily by the 
state of nutrition, that is, through the blood rather than by the fleeting 
changes in the nervous system.” 

Depletion of the nutrient substances in the circulating blood is an 
important factor in the production of hunger. Emptiness of the stomach 
alone is not sufficient to cause hunger The stomach may be empty for 
several hours before the sensation of hunger arises The sensation of 
hunger, furthermore, subsides temporarily following the subcutaneous in- 
jection of a nutrient solution, e g., glucose, even though the stomach 
remains empty (Thoma, 1915). It also has been observed clinically that 
the stomach, under certain pathologic conditions, may remain empty for 
days without giving rise to hunger sensations. On the other hand, a 
patient with pyloric stenosis may experience intense hunger, although the 
stomach is filled with food. 

hloderate physical exercise, as pointed out by Carlson, has little im- 
mediate effect on the hunger contractions of the stomach, 'ifigorous 
physical exercise hastens the onset of hunger. This points ^'ery definitely 
to the nutritive content of the blood as a factor in the sensation of hunger. 
Thoma (1915) advanced the opinion that a certain center in the brain 
reacts to the lack of nutrient material in the blood by sending out efferent 
impulses which bring about reactions, which in turn initiate afferent 
impulses resulting in the sensation of hunger, just as the respiratory center 
reacts to the lack of oxj'gen in the blood by sending out efferent impulses 
which accelerate the respiratory movements. He also advanced the 
opinion that the center in question is closely associated with the temper- 
ature-regulatmg center, as is indicated by the fact that hunger not uncom- 
monly subsides durmg fever. He further observed that animals in which 
the so-called temperatme puncture in the diencephalon was successfully 
carried out lost their desire for food Although imable to localize the center 
in question more definitely, he assumed that an aggregate of nerve cells 
exists in the brain stem which reacts to the lack of nutrient material in the 
blood by giving rise to efferent impulses and that these impulses are con- 
ducted peripheralward through the vagus nerves and call forth contractions 
of the empty stomach as well as secretory activity of the gastric glands. 
The contractions of the stomach in turn generate afferent impulses which 
result in sensations referable to that organ. 

^ xHthough the stomach may be cut, torn, or otherwise injured without 
giving rise to pain, impulses arising in it, under certain pathologic condi- 
tions, give rise to painful sensations which are directly referable to this 

sensations which are 

referable to the body wall. 

The chief causes of gastric pain undoubtedly are hi-perdistention of the ' 
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contractions of the pylorus and induces strong duodenal contractions. 
These pains commonly are alle^dated by the ingestion or substances (pro- 
tein food water, alkalies) which temporarily lower gastric acidity. proWded 
there is sufficient relaxation of the pylorus to permit the gastric contents to 
pass into the duodeniun. Ocer pains which are due to tonus or contrac- 
tions of the body of the stomach commonly are alleviated temporarily be- 
any measure which inhibits or decreases gastric tonus, irrespective of the 
chemical reaction of the stomach contents. The continuous pain in the 
epigastric region, which is present in certain cases of gastric ulcer, probably 
is due to persistent exaggerated tonus of the stomach or pylorus. The more 
severe exacerbations of this pain probably are due to pyloric spasm (Carl- 
son, 1918). 

Pahner (1927) was able to elicit pain, in cases of gastric ulcer, when the 
acidity- of the stomach contents was normal. In general, he foimd little 
connection between the pain and gastric tonus or motility, although he 
conceded that gastric h\-perperistalsis may be a contributing factor in 
some cases. Strauss (1928), who had preffiously maintained that free 
hydrochloric acid in the stomach and a zone of inflammation aroimd the 
eroded area are important factors in the production of idcer pains, was 
comnneed by the results of his later studies that an excessive amount of 
normal gastric juice may stimulate the nerves through which the pain of 
gastric ulcer is mediated. He also conceded that gastric peristalsis may 
play a contributing role. According to Palmer and Heinz (1934). the 
pain of gastric or duodenal ulcer has its origin at the site of the lesion. The 
usual stimulus is free hydrochloric acid acting upon an irritable mechanism 
lotated within the lesion or adjacent to it. This mechanism also may be 
stimulated by peristaltic contractions or local spasm. 

On the basis of extensive clinical and experimental studies. Balint (1928) 
advanced the conclusion that the pain of gastric ulcer is not caused by 
gastric ffi-peracidiU- but by two factors a.cting simidtaneously. viz.: con- 
traction of the gastric muscidatiue and a shift in the hydrogen-ion concen- 
tration of the blood toward the acid side. He called attention to the fact. 


recorded by various investigators, that the introduction of acid in relarively 
high concentration into the stomach of a gastric ulcer patient does not 
elicit pain. In his own clinical experiments, the gastric idcer pains subsided 
following the contemplation and mastication of palatable food by the 
patient, although none of it was swallowed. The effect on the ulcer pain 
of such sham feeding was similar to that of the introduction of food into 


the stomach, although the acidity of the gastric contents was appreciablv 
increased by reason of the increased actiffit^- of the gastric elands due to 
the stimidus afforded by the sham feeding. Balint also maantained that 
the alleviation of idcer pain by alkali therapy does not depend on neutral- 
ization of the acid in the stomach, since such therapy not infrequentlv 
residts in the allegation of idcer pains in cases which exhibit anacidit\- as 
well as in cases which _stiil exhibit gastric ffi-peracidin- following 
treatment. He also pointed out that the intravenous injection of 
produces the same result. This supports the conclusion that the thera- 
peutic effect of alkali, m cases of gastric idcer, depends mainlv on its effect 
on the hjdrogen-lon concentration of the blood. Thie conclusion 'abo is 
supported by the tach that ulcer pains are alieffiated bv hv-perventiI'>tion 
of the lungs, which has the same effect on the acid-base balanS^of the blood 
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istifh r fit! fAi‘ rth‘ U 7 / <i ('dtfiti‘f>u^ tirt-f., Pairt rfiu-’A by inflation of a 
b;;ffoon Iff tb'; fnfi' r hy Jon‘ , j- P'H most commonly 

in th‘' mPffirC' or mar it, \Tith baHoon' m the proximal poition of the 
(hi'Aenutti tb*'-' Ate (A tu‘-> pr^in i in tbo tpiyu-trhiui. As the more 
porfion of tbs ('bjO''bTif;rn b^s'orno rlf ^ombsL the pain oi discomfoit 
tofifl ^ to (hA'( ml into the lov- opixa 'trio or up;/ r nrrjbilical areas Pain or 
di ^'ornfort dm' to df^tmition of eny portion of tb" jfjiinurn and ileum, 
o/copf tbr lo-vor Hsijrn, i folt rno-t oornmordy mar the umbilical level. 
Diitontion of tb" tormirral petthe of tbs ilrarn friquently is felt in the 
tirnbilfoai ar? a and ^orm tm</- af lowv r b veU, l'h,t infrequently the sensa- 
tion i ]o"ali/^d -orm di tanm, from tbe rnidfine, f-’afn cau-ed by distention 
of tlio larye intotifio, in Jon"-' expe.^mmit , t.a'- !e— acute* and less defi- 
nitely localixed than that f.ti-hty in tin* ‘•-mail inte'-ftine*. It v,as commonly 
felt hAov/ tin* wrnbilim; and there* vaa no oon-tant relationship between 
the ae*fnal poatiori; of tin' balloon and tin- point in the lovver abdomen at 
v/hieh the ‘en at ion vo; , lo'alixed, V/ith '-orne exceptions, the pain was 
felt fn*ar tin* rnidline* or to the* left. Pain eau-^^d by di-itention of the 
ermirn ju,t di taf to the* ileo'"ee*al '/alve %a'- eornmorfly localixed at the 
uaial ^‘.ite of appmnji''*e'al paifi, i. ee, in' the reyion of Aledjurney’.s point. 

'’IJn* pain in duodenal ulm r Inn Inen a ■"rilnd to irntatton of the exposed 
Tnrve (fnliff^r* in tin* uherated ana by fh^* acid yamrie juice (Gonnirycr 
IhOd; Pahrnr, 1027; artd otherq, Tnecharrical irritation by coar»e parndrs 
of food f/dch, IhPf), epa rn of the* pyloric ■'■phincter or duodenal car 
(f/lar ■! mr and Knuxftn'Ir', Ihb'i), tendon due to inhibition of relaxi'd r 
of the* pyloric 'phinct^r eomhirnd v/ith <^trofry ya'^trie perbtalsis (E'rrr 
1021), arnl variou' otfnr can e . Vv'iton fl02^) found no direct re’' r'-r- 
'diip l)f tvreefi tin* acidity of tlie ya'-tri^* conti nt^* and the occurrena - r.rz 
in patimite v/ith rluodcrial ulcer, althouyh tic* eomrnou experienct , -1-- 
frorn the pairi of duofh nal uleer hy tin* adruiui-tration of alkalies sr-rTr” 
'‘Uyyc'.t” that ya^trie hyp^-ra^idify may be* a factor irt the prodri'rrr. -- 
pain. He al o found no direct relation-hip hetv/een the occurrenrr - 
in duofh*uaI uleer ami ya'-trie motility or flu* torue ‘•fate of th — — 

epliincti r. In hi , exp' rierice, f h'* pain of duodenal ulcf*r nearly l. — , 

relieved hy 'qmexiny ya trif* content- into th*^- duodenal caput -cic-'-,,- 
of the ya'-fric aeirlify. In tf)o*/* ea*-' ■ in vdiif'h tic* pain was r ' 
hy tlii, procedure, it v/a" apjiarent that the* mu-eulature of tL- 
caput v/a*‘ raU relaxed. t)fi the had- of hi'- findiny-?, he ae - -- ~ 
hypothf ,b‘ that the puin of fluorhnal uleer I- due to Miitainee -3- — 
of the duodenal eaput, “ 

Ttray'tfflt and Palrrier (102,2) reported eertain ob-ervatior- 
patient v/ifh duorhnal uleer, op»*ratal upon imdfr loeal aiien — - 
have a direet beariny on tic* eau-^-' of pain n ferable to yastiif^- 71 
uleer-,, A ehronie ulefr approximately 2 em. in diameter r 7 __7 

the antf'rif)r v/all of the fir-f fiarf of the duodenum. Gen: - 

eero a v/ith the pleved firiyer ovi r the uler r rau-.ed thf* patj.- 
of pain similar to hi-, uleer diifn — . AIa'--ayin" the rc<-’ ■■ - ^ ^ 

yenfiy hut finnly eau-'^d ‘-evere di-fre--. ' ^ 

jmlliny it tov/ard the h ft, al-o yac'e rise to C - ' 

1 la* injf'etiori f>f 2() ee. of a o p<-r eerit “ol 

the Iiufa.-ri of t he pyloru- by mean- of a by ' 

was jjti *ent, reliev'ed it alrno-st imiriedi ' " “ 
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about fi\c minutes '1 lie injection of 20 cc of a 0 per cent «>olution of 
bjdrocliloric acitl into the iliiochnum m the sunt m inntr ga\e rise to a 
burning p un almost iinmcdiattlx winch persisted until a solution of sodium 
hjcarhonate was injcctcel Ihe relief ohtamcfl h\ this injeetion was less 
striking than that obtainesl h\ tlu first injection of s(Khum hicarlionate 
and did not jicrsist \ few numifes Inter, the patient coinphined of st\erc 
cramping jinin, when a eleep cirtiilir contraction ring was nl)scr\ed just 
distal to tlu ulcer As this contraction adMincisl ihstalwurd, it was sue 
ceeded b\ scNtrul similar waves of contraction, during whicli tune the 
cramp-hke pain continucel It is interesting to note in this c-onnection that 
peristaltic waves passing over the pvloric iintrnm were observed at times 
when no pain wius experienced 'Ihese oh'»ervntiiins show cltarlv that 
tvpical ulcer pain and distress niav he ertiisisl hv inechanic'd and chemical 
stimulation of the ulcer region ns well ns hv nmrkcil e-ontraction of the 
musculature in that region or immealintelv adjacent to it Thev al^o sug 
gcbt the rntionahtv of alknh thernpv m onsets of gastric and duodenal ulcers 

'Ihc terminal |>ortion of the large intestine vir, the pelvic colon and 
rectum, are sensitive m a certain degree to stimuli other than those which 
give rise to pain Ihis is in keeping with the funetionnl rcciuireinentii of 
the lower portion of the iligc^tive tiilic nnd ilhistr itcs the general principle 
that receptors for various tv pcs of stiinuh ixjst m all parts of the l>od\ in 
which thev arcdenuuuled hv the vital interests of the orgmusin 

Liver and Biliary System — I he pireiichvinaof tlu liver innv lie regarded 
ns insensitive to the onhnarv stimuli It mav lie cut Inni or otherwase 
injured without giving ri'c to sensations Inflammatorv processes and 
ulceration in the liver give rise to no impulses which reach the threshold 
of consciousness liu ''crous covering of the liver nI«o is insensitive 
Inflammatorv processes whuh involve the parietal peritoniimi give ri'C to 
painful sens itions hut thev are not dircctiv refernhle to the hver Rapid 
enlargement of the hv er such as occurs in eases of canine decompensation, 
not mfrequenth gives rise to pain nnd sensations of pressure m the cpi 
gastric region prolnhlv due to distention of the hepatic cipsule nnd the 
weight of the enlarged organ pulling downwnnl on its nttichmeiit to the 
diaphragm 

Jlie pain t\j>enc«ced m attacks of hilinrv cohe and other disturbances 
of the hiharv svstem, like jiam arising m other viscervl organs containing 
smooth muscle probahlv is due to impulses arising from hvpcrdistention 
or spistic contraction of the musculature of the bile ducts In an expen- 
mental investigation carncel out on elogs Gubergritv Itschenko and Gold 
stem (1926) elicited pain reactions hv distending parts of the biharv s\'8tem 
with warm water mtroduted into the common bile duct through a cannula 
inserted through its opening into tlic intestine On the bisis of their 
experimental results, thev concluded that both spasm nnd distention of 
the biharj musculature mav gn c rise to pain \ certain degree of disten 
tion seemed to be neccssarv to produce pain, and the pain became more 
intense as the distention was increased bj introducing more wafer, but 
this was not the onlv factor involved Distention of the bile ducts with 
water seemed to cause spastic contraction of their smooth musculature 
which in turn increased the pain Distention of the bile ducts alone mav 
give rise to slight pam but spastic contraction of the biharv musculature 
probably constitutes the major factor in the genesis of biharj pam These 
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experimental findings are in full accord with clinical observations. The 
dull pain associated with biliary stasis probably is due mainly to distention 
of the biliary musculature The acute pain of biliary colic is due to spastic 
contraction of this musculature. This pain commonly is localized in the 
region of the gall bladder. Not infrequently it cannot be clearly dis- 
sociated from the accompanying gastric pain. The true visceral nature of 
gall bladder pain is indicated by the observations that distention of the 
gall bladder in animals elicits pain reactions after desensitization of the 
appropriate area of the body wall by section of the intercostal nerves distal 
to the communicating rami (Davis, Pollock and Stone, 1932) and after 
complete section of the ventral portion of the lateral funiculus in the spinal 
cord and even bilateral hemisection of the cord at separate levels (Davis, 
Hart and Crain, 1929) The impulses resulting in pain of biliary origin are 
conducted into the spinal cord mainly via the splanchnic nerves on the 
right side 

Pancreas. — The pancreas may be regarded as insensitive to the ordinary 
stimuli, yet certain pancreatic lesions are known to give rise to excruciating 
pain The clinical manifestations, in these cases, are so complex that it is 
quite impossible to determine the exact sources of the afferent impulses 
involved. There is no clear evidence that these impulses arise solely in 
the pancreas They probably arise in part in the blood vessels through 
which the pancreas is supphed. If, by reason of a pancreatic lesion, auto- 
digestion takes place, this may involve not only the large abdominal 
sympathetic plexuses but also components of the spinal nerves. 

Spleen.— The spleen may be regarded as insensitive to the ordinary 
stimuli. Impulses arising in this organ probably do not reach the threshold 
of consciousness. Inflammation of the serosa of the spleen may give rise 
to pain, probably due to involvement of the parietal peritoneum. The 
pain associated nnth enlargement of the spleen probably is due to traction 
of the splenic attachments. 

Kidney. — The kidneys, like other ^dsceral organs, may be cut, torn or 
otherwise injured without causing sensations The renal pelvis seems to be 
sensitive under certain conditions Although mere contact results in no 
sensations, contact of this part of the organ with hot or cold objects gives 
rise to pain (Gubergritz and Itschenko, 1926). In most cases of renal 
pain, the afferent impulses involved probably arise in the renal pelvis. 
Traction on the kidney also gives rise to pain, undoubtedly due to the pull 
on the renal blood vessels and the parietal peritoneum. Kappis expressed 
the opinion that renal pain can be explained most satisfactorily on the basis 
of stimulation of receptors in the prerenal peritoneum, particularly at 
the level of the root of the kidney. Renal pain commonly is localized in 
the back just below the costal margin and not uncommonly radiates to the 
ovary or testis and along the ureter to the bladder. In some cases, it also 
radiates into the thigh 

P athological conditions of the kidney commonly are accompanied by pain. 
In a limited number of cases, the pain is due at least in part to traction 
caused by shifting of the position of the organ. In cases of renal enlarge- 
ment, the sensory nerves in the adjacent parietal peritoneum may be stim- 
ulated by pressure. This may be regarded as one of the major factors in 
renal pain Distention of the renal capsule also has been reo-arded as a 
factor in producing painful stimulation. A shrunken kidney also may give 
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advanced the opinion that these sensations are caused by c-ontracTions of 
the internal sphincter vesica. Both these processes probably play a p^ 
in the production of vesical sensations. Muller (1924) expressed the 
opinion that the indehnite sensations felt in the region of the bladder, 
vhich are not definitely localizable, are caused by contraction of the blad- 
der musculature, vrlule the more acute sensations vhich are more or less 
definitely localizable at the neck of the bladder are caused by contraction 
of the musculature in that region. 

Impulses arising in the bladder reach the spinal cord via both the hypo- 
gastric and pelvic nerres. Those vrhich give rise to the ordinairv vesical 
sensations are mediated mainly through the pelvic ner-res. Ac-cording to 
Frohlich and Meyer (1922) , the sensithdU' of the bladder is not afiected by 
section of the h\pogastric nerres. On the other hand. Fieri (1926) reported 
incomplete relief of pain due to disease of the bladder f ollovring h;^pogastrie 
nerve section. According to Learmonth (19-32), section of the h}.pogastric 
nerves leaves the ordinarj- sensibility of the bladder unaltered but renders 


it definitely less sensitive to uncoordmated and spasmodic contractions: 
consequently, certain pains of vesical origin may be abolished by this 
operatb'e procedure. Impulses arising in the sphincters of the bladder 
reach the central nen'ous sintem via the pudendal nerve. 

Female Genitalia.— The vaginal mucosa, like the mucosa of the other 
hollow viscera, may be regarded as insensitive to the ordinary stimuli. 
These stimuli when applied to the uterus, FaUopian tubes or ovaries give 
rise to no sensations unless they cause traction on the parietal peritoneum 
of the attachments of the organs in question to the body wall. Pains 
arising in the uterus are due mainly to contractions of the uterine muscula- 
ture. Pains resulting from displacement of the uterus are not directly 
referable to this organ. They probably are due mainly to the efiect of its 
displacement on adjacent structures. 

Sensory Conduction &om Cephalic Areas via Spinal Nerre Components. 
—On the basis of experimental findings and clinical observations, certain 
investigators, particularly Foerster. Alteriburger and KroU (1929). have 
assumed that the nerves extending upward from the superior cervic-al 
ganglion, which represent the extension of the sympathetic trunk into the 
head, include afierent fibers which traverse the cervical sympathetie trunk 
and enter the spinal cord via the posterior roots of the upper thoracic 
nerves. Anatomical proof of the existence of such fibers is not forth m m m 7 
Clinical observations following total and subtotal resection of the sensorv 


root of the trigeminal ner\-e for the relief of trigeminal neuralgia led Fraser 
to suspect that fibers extending from the c-er-vdcal sjunpathetic into the 


The findings reported by Helson (1932). who carried out au intensn-e 
stedy of the difierent forms of sensibility' detectible in the area of distribu- 
tion of the trigeminal nerve following section of its sensory root in c-errain 
of Fraser s patients, tended to confirm this view. Accor ding to his Sndmns. 
sensibility- to light touch and ordinary painful stimuli is lost permanenriv' 
sensibility to deep pressure and the ability to localize touch are sreariy* 
reduced rmm^iately after the operation but later are graduahv r^ored 
to an appreciable degree, temperature stimuli between 1 . 5 ^ and 45 ' 
evoke no sensations, but hot sluiivjli (60.' 75" C.) usually give ^ 
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SE^^SORY C017DUCTI02: FROM CEPHALIC AREAS --Ji 

Tile afferent spinal neme components vliicK extend into tlie c-eplianc 
region probably are not primarily pain-conducting ffbers. Those nrhicli 
undervcenr myelin degeneration in the plexuses on the common and internal 
carotid arteries folio vring section of the ntrve roots, as observed in the 
iMarchi prepara,tions, are mainly fibers of larger ailiber than the spinal 



nerve fibers which are known to mediate pain, hlild electrical stimulation 
of the plexus on the common carotid artery, in our experiments, did not 
elicit pain reactions but resulted in reSex responses in the lower cervical 
and upper thoracic segments and particularly in the fore limb. The vanus 
components which loin the plexus on the mtemal and external earned 
arteries are mainly fibers of small caliber many of which are either tmmv- 
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positions of the painful contractions Pain arising in the small intestine 
not infrequently is localized in the region around the lunbilicus; pain 
arising in the large intestine usually is localized between the lunbilicus 
and symphysis pubis but beneath the parietal peritonemn. Obstruction 
of the intestine at a fixed point, e. g., the hepatic flexure, usually is 
localized with remarkable precision. 

Referred pain is best demonstrated (1) in cases of severe visceral pain 
and (2) in association with inflammatory visceral disease. The pain which 
radiates into the arm in cases of angina pectoris, the subscapular pain of 
cholelithiasis and the testicular pain of ureteral colic are classical examples 
of the first group. Cutaneous h^'peralgesia and muscular rigidity in the 
corresponding areas of the abdominal wall in cases of chronic gastric and 
duodenal ulcers are classical examples of the second group. These phe- 
nomena are associated mainly with diseases which invblve organic changes 
m the Auscera in question but rarely accompany functional diseases. For 
example, cutaneous h;\-peralgesia and muscular guarding rarely are asso- 
ciated with gastric pain due to extragastric causes. Pottenger (1931) 
reported hjqDeralgesia in the fifth to ninth thoracic segments due to pyloro- 
spasm brought about reflexly as a result of sigmoid diverticulitis. The sub- 
scapular pain of cholelithiasis may be due to cholecystitis as well as the 
presence of gall stones. It has been reported in cases of cholecystitis, in 
the absence of gall stones. In the presence of gaU stones inflammation of 
the gall bladder can hardly be ruled out as a contributing factor in the 
referred pain. Testicular pain, according to Ryle, does not occiu- in 
ureteral colic unless the ureteral mucosa is inflamed or ulcerated. It may 
also occitr in association with ureteral lesions in the absence of ureteral 
colic On the basis of extensive clinical observations. Ryle concluded that 
“visceral pain expresses a pertiu-bation of visceral function (which may or 
may not be due to local organic disease) while the somatic phenomena 
generally express a structural lesion of the wall of the viscus.'’ 

In many cases of visceral disease, the somatic manifestations are not 
coincident with the visceral pain and may persist for some time after the 
\’isceral pain has subsided. Gastric ulcer not uncommonly is accompanied 
by tenderness, less commonly by superficial and deep h^-peralgesia in the 
epigastric region, together with rigidity of one or the other rectus muscles 
and exaggerated abdominal reflexes on one side. These signs are most apt 
to be present if the patient has had a recent attack or is in pain at the time 
of the examination but, in many cases, they persist for days after the 
visceral pain has subsided in response to appropriate treatment. They 
cannot be directly attributed to the gastric contractions which are the 
cause of the gastric pain, although they may be reinforced by these con- 
tractions, but probably are due to a more or less constant flow of impulses 
from the site of the gastric lesion to the spinal cord from whence irradiation 
takes place along the nerves supplying the somatic segments in question. 
The somatic manifestations of gastric ulcer are more constant when the 
ulcer invades the muscle layers than when it involves only the mucosa. 
On the other hand, gastric carcinoma rarely is accompanied by somatic 
h\-peralgesia or referred pain. This discrepancy probably is due to the 
fact that simple ulcer erodes the tissue and directly affects the sensorv 
nerve endings in the muscles, while carcinoma invades the muscle bv 
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the abdominal surface of the central area of the diaphragm as comparable 
to the superficial pain caused bj^ irritation of any other area of the parietal 
peritoneum. Since the afferent components of the phrenic nerves are 
essentially somatic, the shoulder pain caused by plu-enic stimulation does 
not involve viscero-somatic sensory radiation. This phenomenon never- 
theless conforms to the current concept of referred pain. It differs from 
the phenomenon of referred pain associated with certain cardiac lesions 
only m that the afferent conductors from the diaphragm may be classified 
as somatic afferent nerve components, whereas those from the heart or 
coronary vessels are essentially visceral 
True cardiac pain is a relatively rare sjTnptom of cardiac disease. It is 
'less common in valvular disease and obvious hypertrophy or dilatation of 
the heart than in purely functional derangements. It is localized in the 
submammary area and sometimes is accompanied by cutaneous hyper- 
algesia in the precordial region The deep pain of angina pectoris commonly 
is localized in the sternal region, the referred pain may be localized in the 
upper left thoracic area, along the inner side of the left arm to the elbow 
or wrist or even to the fingers and more rarely in the right arm, neck and 
jaw The segments particularly involved are supplied by the lower cervical 
and upper two or three thoracic nerves. The afferent fibers supplied to the 
first part of the aorta and coronary arteries via the sjnnpathetic trunk also 
are components of the upper thoracic nerves The pain caused by coronary 
occlusion, according to Katz, Wayne and "Weinstein (1935), is due to direct 
stimulation of afferent nerve fibers, since it does not follow occlusion in a 
segment of the artery stripped of its nerves 
Myocardial infarction not infrequently is followed by persistent pain in 
one or both shoulders, which varies m severity from the clinical picture of 
periarthritis with intense pain and marked limitation of motion to one of 
mild aching pain with a sensation of weakness but no limitation of motion. 
These s3Tnptoms, which occur more commonlj" in the left shoulder than 
in the right, maj'’ persist for se^'e^al weeks or months In attempting to 
explain them, Ediken and Wolferth (1936) suggested an analogy to the 
causalgia which sometimes follows obliteration of a peripheral artery. 
Boas and Lev}'- (1937) advanced two hj'potheses. (1) pain radiating from 
the heart to a shoulder in which slight painful stimulation is alread}'^ present 
might, b}" summation, cause more intense pain; (2) impulses of pain con- 
ducted from the heart might result in sensitization of the neurons whose 
fibers make up the brachial plexus. Ernstene and Kmell (1940) advanced 
the opinion that the sj'mptoms arise as a result of relative disuse of the 
shoulder and abnormal tension of the shoulder muscles Pain once de- 
veloped in the shoulder Avould tend to keep the muscles tense. The last 
hypothesis seems the more probable since a patient who has suffered acute 
coronary thrombosis limits the use of the shoulder muscles and maj^ 
unconsciousl}" keep the muscles of the shoulder girdle on one or both sides 
m a state of abnormal tension for a relativelj'- long time. The continued 
muscle tension would explain the prolonged duration of the sjmiptoms in 
manj- patients. While these lu'potheses maj’- be helpful, it must be ad- 
mitted that the data available do not afford an-ade^uate basis for a com- 
plete explanation of the mechanism responsi ^ A persistent shoulde 

ptUn associated with mj'ocardial infarction*’* \ 

The testis is exquisite!}' sensitive to pa'^ _ ion. In a serie ‘ 



442 


VISCERAL SENSITIVITY AND REFERRED PAIN 


experiments jn\olvinf' ncr\e block, Woollarcl nnrl Cnrmiclincl (1933) ha\e 
deinonstrnted that ulitn both the posterior scrotal and Renitnfcmoral 
nerves are blockwl, pnm is no longer Incnb/ed m the testis Init is felt m the 
tenth thoracic segment on tlie same side fins findniR is peculnrlj sipnifi 
cant since it imheates that reference of pun which hies its site of origin in 
the testis inav be obtained when the oiil\ p ithwav for the conduction of 
afrerent impulses from the v iscus consists of tlie norv e fibers associated with 
the spermatic artcrv , t e the reference is indejicndent of a somatic nerve 

siipplv to the MSCUS 

Dental lesions and lesions of the nns d and paranasal miieous membranes 
frequcntlv ruc rise to pun in areas other than tlie site of the lesion but 
within the area of distribution of the triRcimnal nerve 'flicse phenomena 
ninv be regarded ns compirnblc to the association of stipcr/icnl pii:i ujth 
irritation or inflammation of the p trictnl peritoneum or the parietal pleura 
lesions in tlie same locitions sometimes give rise to pain loeahzcei outside 
the area of distribution of the trigeinm d nerv c rams rcferretl to the ear 
from various lesions mcludinpr timjKiroiiinndihuIir arthritis inflammation 
of the paranasal sinuses tonsillitis carcinoma of the tongue pharvnx or 
larvnx, meningitis etc are not untominon (\\Atson-\\ lilmms, 1032 1933) 
Dental lesions also giv c rise to sensors thstnrli inccs rcferresl to tlie c ir and 
other areas outside the limits of trigeminal ilistnlnition Vmong the fatter 
Mam (1938) has reported clinmic otalgia and other svmptoms referable to 
tlie ear, such as tiekdike noises, sensations of pressure in tlic suhoccipital 
region, numhness associated with isclicmia and pam the arm and hand 
etc In mnuv of lus patients the particular svndromc observed which 
frcqucntlj mcludcvl headache and other sensorv trigeminal disturbances 
had been of long standing In most of tlicm extraction of the offending 
tooth resulted in pennanent relief of the svTnptoms Ilcnrv (103o) reported 
headache in the occipital or parietal region ns n frequent svanptom osjo* 
emted with lesions of the thin! molar Some of these complications of 
dental lesions, ohv lousK arc rcfcrrcil phenomenn w Inch conform to Head s 
theorv of the localization of rifcrrcd pams in nil essential details Others 
exhibit characteristic features of rcforrcvl pbenomena but conformation to 
Head s theorv of localization is less obvious (Kvmt? ami Main 15M0) 

Lesions in the orbit, the mucous membranes of the nose and paranasal 
smuses and m the mastoid area not infrcquentJv give me to rcfeired pains 
in the neck, shoulder, arm, forearm and innd Ibis condition was first 
described bj Sluder and lias become quite guner illv rccognizeil as a clinical 
svndrome A tjpical case of tins kind in which a lesion in the mastoid 
area gav e rise to pam referred to the face neck upper cxtremitv and ch^t 
which subsided with the healing of the lesion hns been reported recentlv 
bj Schugt (1944) In some instances the pam is accompanied bj other 
referred phenomena For example Ferracol (1932) cited a case in which 
operation for the relief of nasal obstruction was followed bv eruption on 
the chest and another m w hich dressings of the w oimd follow mg a mastoid 
operation caused v lolent pains m the arm and eruptions on the chest Ine 
afferent fibers through which the impulses which elicit the referred plienom 
ena in these instances are conducted from the causative lesions undoubt 
edl\ are components of the upper thoracic nerv es w hich trav erse the inferior 
cervical sympathetic ganglion and ascend along the commpn and internal 
carotid arteries (Kuntz 1936) These fibers, due to their anatomical 
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relationships, may be classified with the ifisceral a^fierent components of the 
spinal nerves (Fig. S8). Phenomena other than those which are essentially 
sensory which are referred to thoracic segments from cephalic lesions, such 
as the eruption on the chest cited by Terracol, undoubtedly involve reSex 
sympathetic excitation elicited by impulses which arise at the site of the 
lesion and are conducted into the spinal cord through the afiereut fibers in 
question. 

Careful analysis of the manifestations of pathologic lesions in still other 
\TsceraI organs would reveal ^dsceral pain in some cases unaccompanied 
by referred somatic h^'peralgesia or pain, and in others accompanied by 
these phenomena, together with muscular guarding or rigiditj*. The 
absence or presence of somatic manifestations probably depends mainly 
on the nature of the \TSceral lesion, and is not necessarily an indication of 
the severity' of the disease. 

In an experimental investigation carried out on human subjects, in 
which cephalic pain was produced by irritation of deep structures in the 
cervical and basi-occipital segments, particularly the periosteum and the 
periarticular tissues. Campbell and Parsons (1944) found that this pain 
resembled the symptomatic head pain characteristic of certain post- 
traumatic clinical states. Irritation in the occipito-atlantal condylar 
region and the first cemdcal interspace posteriorly constantly resulted in 
pain localized in the cephalic region, predominantly in the occipital area 
but with considerable reference to the forehead. Irritation of the cervical 
interspinous ligaments from the second to the fifth interspace resulted in 
pain predominantly in the occipital and upper cendcal regions with only 
occasional reference to the frontal area. These pains were accompanied 
by autonomic disturbances such as pallor, sweating, pulsus altemans. 
nausea, etc., which varied in intensity, extent and duration with the 


amount of stimulation and the degree of preexperimental pathology*. The 
resemblances both of the subjecth'e experiences and the objective signs to 
those of certain non-traiunatic “neuralgias" and “myalgias" of the occipito- 
cendcal-facial regions were striking. 

The radiation of pain into the occipital area from lesions in deep struc- 
tures in the posterior cerv*icai region may be explained on the basis of the 


morphology* and fimctions of the sacrospinahs muscles and their innerv*a- 
tion. Irritation in any* segment, but particularly in the cervical ones, may* 
result in traction on the occipital attachments of these muscles, giving rise 
to pain in that area. Cephalic pain and its conc-omitants associated with 
thoracic and even lumbosacral lesions may be explained on the same basis, 
'pie muscles involved in balancing the cranium upon the vertebral column, 
mcluding the trapezius, sternocleidomastoid and a deep suboccipital group 
TOmprising the anterior, lateral and posterior recti and the superior and 
inferior obliques. like some of the external muscles of the cranium, are 
prived from cervical, occipital and branchial my'otomes. Their motor 


innen-ation. consequently, is derived from cer-v-ical segments of the spinal 
cord and from the brain stem. Sensory* impulses arising in these muscles, 
peir associated sclerotomal tissues and the overlying integument predom- 
mantly reach the two upper cerT.*ical spinal cord segments via the trisrem- 
piQspmal tract. The sensory innervation of these structures, therefore. 
IS related segmentaUy to that of the upper cer*rical myotomes; conseouentlvl 
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remains after the visceral pain has subsided, in cases of ^dsceral disease, 
could be explained on the same basis. 

The data advanced by Merely (1931), abeady referred to, seem to be 
incompatible vrith any theory based on the assmnption that the referred 
phenomena associated with ^dsceral disease are referred directly from the 
diseased visciis. According to his interpretation, they seem to support 
the assmnption that the afferent impulses involved in the production of the 
somatic pain and other somatic phenomena associated with lesions of the 
abdominal viscera arise, not in the diseased \-iscus, but in the parietal 
peritoneum; consequently, they are conducted centralward through 
somatic afferent ner\’e fibers. He regards the phenomena of deep and 
superficial pain or tenderness and muscular rigidity* of the abdominal wall 
associated with infl a mm atory disorders in the abdomen as brought about 
through two closely related mechanisms, “peritoneo-cutaneous radiation"’ 
and the “peritoneo-muscular reflex.*’ These mechanisms presuppose irrita- 
tion or infl a mm ation of the parietal peritoneum. According to this theory, 
the pam produced by stimulation of the parietal peritoneum radiates to 
the superficial structures and is not appreciated as arising in the parietal 
peritoneum at all. The muscular rigidity is a purely somatic reflex response 
to stimulation of the parietal peritoneum. 

The phenomena described by IMorley imdoubtedly occitr in cases in 
which visceral inflammation extends to the parietal peritoneum. The 
reflex muscular guarding or rigidity' which accompanies somatic hj-per- 
algesia or pain in many cases of -cisceral disease, e. g.. acute appendicitis, 
can be explained most satisfactorily on this basis. The muscular response, 
furthermore, may be regarded as a contributing factor in the production of 
the associated hyperalgesia, muscle tenderness and pain. Since painful 
stimuli are the most provocative causes of reflexes, acutely tender muscles 
tend to remain permanently contracted. This tendency undoubtedly is an 
important factor in the maintenance of muscular rigidity, in many cases, 
after the visceral inflammation has subsided. As long as the muscle 
remains in a sufficiently high state of tonus it also remains hypersensitive. 

The referred phenomena, including pain, associated with carious teeth 
and certain other lesions in the region of the mouth and pharynx, like the 
muscular rigidity' and tenderness caused by irritation of the pEfrietal peri- 
toneum, involve no visceral afferent fibers. Referred pains in certain other 
uptances, e. g., pain referred to the knee due to a lesion in the region of the 
hip joint, involve afferent conduction only through somatic fibers. 

The data available regarding the referred phenomena associated with 
purely' \'isceral lesions do not warrant the conclusion that these phenomena 
m all cases of visceral disease can be explained on the assumption that the 
afferent impulses involved in their production are conducted centralward 
through somatic nerve fibers. For example, stimulation of the testis, as 
has been pointed out by WooUard and Carmichael (1933), may give rise 
to pain which is referred to the appropriate somatic area in the absence of 
functional somatic afferent fibers to this viscus or adjacent tissues. The 
referred phenomena associated with angina pectoris likewise cannot be 
explained on the assumption that the afferent impulses involved are con- 
ducted centralward through somatic fibers. These impulses undoubtedly' 
arise in the walls of the heart or coronary' arteries and are conducted into 
the spinal cord through \'i 5 ceral afferent fibers. 



440 


IfciSii 

'“'ilwp , ""PiilHn ' "^l'oI,l ,,, 7 -t) 


Sr;fc«.SE;sCs..‘ 

Ccar "o'"’''«; Vi..,,'’'"'""'- 




5i5:f£?S5-S^^ 

,,„ ''’'■on 0/ ' fj'ctc „„5^ , ftn -n/ ^nS.i "'.'''"ts and 


•'"•'■C7c«£.arsSrri 




REFERRED PAIX 


elicited by phrenic uerre stimulation, play a c-atisatrre role in the shoulder 
pain resultinsr from faradic stimulation of rhe diaphragmatic pcin-oneiiin. 

Sjmpathstic Eeflex Phenomena Associated Witn Eeiemsn Pam.— The 
theories outlined above afford plausible explanation of the mechanism of 
referred pam but they do not adepuai.efr tahe mto consideicition the 
viscero-cutaneous and mscero-motor reSex phenomena vrhich probab.v ^are 
invariably associated vrith somatic hyperalgesia, such as vasoconstriction, 
perspiration ?md piio-erection. These phenomena are particularly marked 
in certain cases. 

VTemoe's (192d-192.5) cliaical and experimental studies have contributea 
much to our knomledge of reSex viscero-cutaneous and mscero-motor 
reactions to visceral stimulation in relation to ihe sensory phenomena 
involved in referred somatic hyperalgesia. He obsemted climcaEy that 
cutaneous hy-peralgesia commoidy is accompanied by cutaneous ischemia, 
due to peripheral vasoconstriction, and that the area of cutaneous ischemia, 
in general, coincides exactly mith the area of cutaneous hv-peralgesia. In 
certain cases, he also observed localized cutis anserina in the hyperalgesie 
area. In his experienc-e, cutaneous ischemia vtas so c-onstandy present in 
areas of hiperalgesia associated vith xusc-eral disease that he mas able to 
use it as a diagnostic character, bemg able, in many cases, to recognize the 
h\p)eralgesic area by virtue of the cutaneous ischemia mhen it mould have 
been difficult or impossible to demonstrate hypersensitrviti.' by the more 
usual methods. On the basis of these findings. Wemoe concluded that 
cutaneous hiperalgesia probably does not depend on the effect of visceral 
stimulation of neurons in the spinal cord but has its origin in changes 
brought about in the skin through viscero-cutaneous reSexes. In support 
of this conclusion from the clinical side, he pointed out that under certain 
conditions sympathetic stimuIa.tion alone gives rise to pain. For example, 
if the fingers are subjected to cold they gradually bectime ischemic and 
painful imtil, mith complete anemia, the anesthetic stage is reached. If 
the hand is then marmed. the fingers again become painful imtil circulation 
is restored to normal. As the fingers are subjected to cold, vasoconstriction 
is brought about through reS.ex stimulation of the vasomotor fibers. The 
consequent pain is the result of the stimnlation of pain receptors caused by 
the ischemic condition of the surrounding tissues and the hypertonic state 
of the smooth muscle in the vessel malls. In like manner, he assumed that 
the cutaneous pain receptors may be stimulated as a result of the ischemia 
brought about in the sHn through viscero-cutaneous reSexes. 

The vasoconstriction due to hy-pertension or spastic contraction of the 


to the blood vessels. Peripheral vasoconstriction elicfred refiexly throneh 
the sympathetic innervation of the blood y'essels in a somatic area bv 
imp lilies ansing in a. diseased yuscus. therefore, may be regarded as a 
contributing factor in the production of hy*peralgesia in the same area. 
ReSex contractions of the erector pili muscles, elicited in the same manner, 
liliemise may well be regarded as a contributing factor in the hypersensitrc- 
icy- of the area involved, particularly to light touch and even air currents 
playfing on the slnn. 

Davis and Pollock (1932. 193-5. 19-3bj hay-e supported a similar nomt of 
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Mcw On the bisis of expenmentai and tljnjca) data, outlined in the 
precc<lmg pages, which seem to support the assumption that stimulation 
of the s>anpathctic ncr% cs w hith supph a peripheral area results in chanjja 
in that area w hicli evert a <firect stimuf iting elTett on the pain receptors, 
the> have advanced the opinion that svmpitlictic stimulation max be 4 
causative factor in the prothiclion of pain 'ihev liave furthJnnore 
regarded the abolition of rcfcrrwl p'nn In anesthoM i of the area m which 
It is locahreil (Weiss and l)a\is, 1029, Morlcv, lD20,Jludolf and Smith, 
lO'lO) as indicating that the pam ftU in that area <lue to a visceral lesion 
or stimulation of the appropriate afftritit nerves is cniLscd bv stimiiialion 
of the periphery! p iin receptors In view of these considentions and the 
evidence of reflex activitv nwhated through tht svininthctie nerves in the 
somatic area m which the rcftrre<l pam wisoemted with a v isctnl lesion is 
locahzctl, thev liavc suppartc<l the nasumptions that this reflev aclnitv 
represents the major factor m the causation <»f the pim m the somatic area 
and that the impulses gcnente<l at the penpherv arc conductwl central 
wnnl via the somatic pam condiictingpathwnvs 

Manv of the data winch have liceii mtcrprelcd ns supporting this point 
of view seem to be unerpnvonl In 25 patients with well market! pains 
dcfinitcK locahzctl m somatic areas but due to visceral diseases including 
angina jvcctons plcimtis carcinoma of the csopliagus, gastric ulctr chole- 
cystitis nephrobtluasis, acute appendicitis salpingitis nn<i pvelitis re- 
portctlbv \\cissand Da\is(l920) the pain titherwasnbolbhedorgrfvtl) 
alleviated bv mfillration of the pamfid cutaneous areas with a 2 per cent 
solution of novoemne '’Ihov alsorcportctUhcabolition bv tlie saim. means, 
of referred pmns indncctl cxperimcntallv m two normal subjects bv db- 
ttntion of a stgmcnt of the duodenum or the thstnl portion of the esophagus 
bv inflation of a rublKf lialloon Similar ob&trvations liave been reported 
In Dav IS and Pollock (1010) In a number of patients in whom a phrenic 
cvcresis was being carricil out fandic atirauhtion of the phniue nerve m 
the neck resulted in pain which was alwavs refcrrctl to the trapeaius ridge 
or the supraclavicular region Wlun this cutaneous art was anesthetized 
the same stimulation no longer resulted! m pain 

The cutaneous area in wlueh tlit refernxi pain la lix^lized docs not 
include the entire area supplied witlv afferent filiera which enter the spinal 
cord segments from which the m’w:u 3 m question is innervated In experi- 
ments reported h\ Povden and Kiglcr (1934) anesthesia of the circura- 
scribcil area m which a rcferrcvl pam was localized alwhshcd the pain m 
that area but it was felt m a position outside of it If the rtfertw pam 
associated with a v iseeni lesion is felt onlv near the inidhne and tins area 
IS anesthetized as obscrvetl bv 3\ilkmson (1937) the pam moves faten! 
ward in the same segments, due to the fact that pam is felt onlv m the area 
in which it is most intense 

The data outlined above arc not incompatible witlv the theorv that 
impulses may be generated m peripheral pam receptors as a result of 
svanpatlietie reflex activ itv elicited bv v iscerol afferent stimulation Reflev 
responses at the pcripherv which are elicited through either svanpathetic 
or somatic efferent pathw a\ s by afferent stimulation at the site of a \ isceral 
lesion undoubtedly play a role in the referred pam or hv peralgesia asso 
ciated with the visceral disease, particularly when the referred phenomena 
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develop slowly and persist even after the visceral stimulation has subsided 
These factors obviously play no significant role in the production of the 
referred pain in certain instances. For example, the pain referred to the 
tip of the shoulder due to stimulation of the diaphragm usually arises almost 
instantaneously In some instances, furthermore, it is not abolished by 
anesthetizing the cutaneous area in which it is localized (I\oollard and 
Roberts, 1932). In order to test the hjiiothesis that shoulder pain elicited 
by phrenic nerve stimulation may be abolished by anesthetizing the cutane- 
ous area m which the pain is localized, Livingston (1938) carried out clinical 
experiments as follows: In a patient with a subphrenic abscess, shoulder 
pain was elicited by touching the dome of the diaphragm with the tip of a 
uterine probe inserted through the incision made for the purpose of draining 
the abscess The shoulder area was then infiltrated widely with a 1 per 
cent solution of novocaine and the stimulation of the diaphragm repeated. 
In every instance the patient complamed of pain in the shoulder the instant 
the diaphragm was stimulated and localized it within the novocainized 
area to which the pain had been originally referred. These results seem to 
preclude stimulation of pain receptors in the skin, due to the effects of 
reflex activity mediated through either sympathetic or somatic nerves, as 
a causative factor in the production of the referred pain. 

Data obtained in an experimental study of referred pain due to intra- 
muscular stimulation, as reported by Ivellgren (1938), seem to support the 
assumption that this pain is associated with referred tenderness of the deep 
structures. Its distribution conforms to a spinal segmental pattern which 
differs somewhat from that of the segmental innervation of the skin. It is 
always diffuse and is not abolished by anesthesia of the region in which 
It is localized; consequently, it is independent of any reflex mechanism 
involving stimulation of pain receptors in the area of reference. The pain 
appears to be referred, not to the skin, but to deep structures and may^ be 
confused with pain arising in the latter This seems to support the assump- 
tion that the impulses responsible for pain from muscle and from other 
deep structures may be conducted in a common central pathway. The 
diffuse character of the referred pain, according to Ivellgren, may be 
explained on the assumption that the fibers which conduct impulses of 
pain from muscle have diffuse connections within the central ner\'oiis 


system. 

The reflex phenomena associated with referred pain and hyqieralgesia 
constitute a significant feature of the total clinical picture but, in view of 
all the data available, they cannot be regarded as adequate to account for 
causation of the referred sensory phenomena. A complete understanding 
of the mechanism of referred pain must await further investigation. Irradia- 
tion probably is an essential factor in the production of the somatic pain 
caused by visceral stimulation 


a.icicuL impuisea arising ar me sire or me causative lesion are 
conducted plays a major role in the production of the referred phenomena 
as implied m the original Lange-Ross theory and IMackenzie’s elaboration 
01 this theop', still affords the most helpful point of -ciew The concept of 
irradiation in the spinal gray matter, substituted for iMackenzie’s concept 
of irritable foci, undoubtedly will be incorporated in any' adequate 


29 
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thcor\ of tlic mcclinnism of rcftrrctl pnm llie plusiologjc concepts of 
stiiTiiniitioii, fncihtatioii nn<l inhibition nlso nrc applicable, since afferent 
impulses (iimnntmR from the site of n lesion Ri'inj? rise to referred pain 
inipm(,c upon a centra! neuron pool which also rccci\t‘S impulses froin the 
peripheral are i in winch the referred phcnoincn i are localizes! I ncilitation 
ami inhibition undmibtcclK plas a n»lt m the aflcx phenomena associateil 
witii referred pain Ihc summation of \isctrnl and somatic afferent 
impulses prohahK is esse ntml for the proeluction of r( ferred pain in certain 
instances, ns sufjRcsted bs the atiohtion of tlic pain in tlic somatic area In 
entniKous nnesthesm In other mstniices, particiilarh those in which the 
rtftrreel pun is not nholishcel h> cutaneous anesthesia, summation seems 
to he uiHsscntia! 



CHAPTER XX 
AUTOXOAIIC BEBALAXCE 


The Concept.— Genesis and Definition.— The visceral organs, xcith certain 
exceptions, are innervated through both the s\-nipathetic and the para- 
sjTnpathetic divisions of the autonomic ner\'ous system, which are s^mer- 
gistic in fimction; consequently, any disturbance of the functional balance 
of the sympathetic and parasympathetic nerves must residt in \'isceral 
dysfunction in some degree. Von Xoorden recognized this as early as 
1892 and called attention to various clinical conditions associated with 
increased vagus irritability which he designated vagus nemoses. The 
clinical concepts of vagotonia and sympatheticotonia were first formulated 
by Eppinger and Hess in 1909 and further elaborated by them in a series 
of later papers. In many individuals in whom adrenin produced strong 
sympathetic stimulation, according to their findings, pilocarpine failed to 
stimulate the parasympathetic nerves and atropine did not paralyze them. 
In other individuals in whom pilocarpine or atropine produced a strong 
parasympathetic reaction, they found that the injection of adrenin resulted 
in no apparent effect on the sympathetic nerves. On the basis of extensive 
obsen'ations on the effects of these drugs in man, they concluded that all 
persons who react strongly to pilocarpine and atropine are relatively 
insensitive to adrenin, and all persons who react strongly to adrenin are 
relatively insensitive to atropine and pilocarpine. On the basis of this 
conclusion, they classified clinical cases exhibiting a functional imbalance 
between the sympathetic and parasympathetic nerves as vagotonic or 
sympatheticotonic, depending on the relative reactivity of the parasym- 
pathetic and sympathetic nerves. They recognized more or less definite 
symptom-complexes which usually are associated with exaggerated reactiv- 
ity of the parasympathetic and sympathetic nerves respectively'. Accord- 
ing to tlieir original theory, absolute vagotonia is characterized by actual 
hyperreactivity or exaggerated tonus of the parasympathetic nerves: 
absolute sympatheticotonia by hyperreactinty or exaggerated tonus of the 
sympathetic nerves. They conceded that relative vagotonia may exist in 
the absence of exaggerated parasympathetic tonus if the reacthity of the 
sympathetic nerces is subnormal or there is a deficiency in the chromaffine 
system and that relative sympatheticotonia may' exist in the absence of 
exaggerated sympathetic tonus if the reactivity' of the parasympathetic 
nerves is subnormal. In either case, vagotonia and sympa^eticotonia 
involve an increase in functional activity in the respective division of the 
autonomic nervous system which may affect the entire dmsion or onlv a 
portion of it. 

According to the original theory' of Eppinger and Hess, the entire 
sympathetic and parasympathetic divisions of the autonomic nervous 
system are tonically stimulated and sustain a physiological balance which 
may be shifted in favor of one or the other dmsion by abnormal functional 
conditions. Exaggerated tonus of either system does not necessarilv implv 
hyperimtability of the nerve centers involved but may be brought about 
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^>^ nn lActsH of stnj)ij!«tjnR i/j tlit b^KKl In general, the> 

rcRirdid Mipr)t()in \ hs cbunittt ri7t(l h\ lnpcrmcti\U\ to pinisiinpatlietic 
stimulation ami sMuputluticotonii ns chancttn/cd h\ li\pcrrcncti\it\ to 
s\ mp ithctic stnmilatum of all tin orpnns imn r\ nt( d throuph the autonomic 
mncs although tin \ ricopni/csl thi )x)ssibilitN of locahrcil n npotoma 
Critique —On the basis of an (xtcnsitc slnd\ of tht effects of adrcnin, 
pilocarpnu and atropine in clmuat conditions I*ctrin and 'I horlinp (1911) 
pointui out that, m tirtam disi ises insetueh cxapperited pnmseinpithetic 
tonus usualK is apparint f g pastru and duodenal ulcer bronchial 
asthma i tc , a small pcrei iitapi of the p itients, ns jiidptsl bs tlicir reactions 
to tbise (Imps exlnbits ixapptmtcd seinpatlutic tonus and a sometshat 
larptr jiircentapt riacts stronpU to udrcnin nnd nl^o to pilocarpine and 
atropine thus pro\mp that the sjune iodi\idud mn^ exhibit bciphtened 
rndiMts of both divjsums of the niitonornic nenous sistcm Tliei, 
thertfort snppestid that the olistrxcd reaetions to para-SMiipathomimetic 
and sx mp ilhoimmetie drnpsnn Ik. (xplnimd most sntisfactonK, m certam 
(as(s mi the assumption of liciphteiiod irntnhihtx of lioth the parestinpi 
thetie and the sxmpitlutic ii(rvt*s but upreed with 1 ppmper nnd Hess 
rep irdmp tin t xisti lu e of \ apotonm and sxnnp itheticotonn ns rccopnizahle 
funetional vtito which rtpre*stut dcxntious from the nonnnl functional 
bdaiKi between the parasxmpatlutic and the sxinpatlictic nerxes 

Ui< fimhups of IV trill ami Ihorhnp cited uImixi hnxc l>ecn conflnned 
bx uotafixx latir inxestipitors It also has been ampK demonstnted tint 
the sxnnptoui-exnnplexes cmnmoiilv ns«oentrd xxitb certain dnesscs which 
ucordmp to the tiusirx of I ppmper and Hess, are related to xapotonia 
also imlndt sxmjitoins wlmh suppcsl cxappirnti'd nnctixitx of the sxTii- 
pathetic lurxis Sxmjitom-enmpUxes ns.'.oeiatcd with diseases which, 
nccordmp to this thwrx arc related to sxmpathcticotomn likewise also 
melude sxinptoins which suppest lixpcnrenetivitx of the parasxTnpnthetic 
nerxes lorcMimjiU the (hnninnnt sxmptoins of pidmninrx tul>crcu!osis, 
pirtieularlx diirmp the H'cxmd and third stnpt*s of the dhcasc usinll) 
uulic itc X apotoni i x ct the p istro-intc-'timl sxinptoins sometimes suggest 
exapperated sxmjiathetie tmms 'Ihe doinmnnt sxinptoms of lixpcr 
t/n fo/d/wi svfch rts f«ch(< (rdw mcrcxsccf wetnl/obsm /eier etc hkc- 
wise suggest sxinpitlKtic*otc*m» xct pastro-mtcstinal hx*permotiht\, so 
eommon m tins diseist mxolxes exnf^crnted panisxinpithetic reicti'itx 
Unusuillx strong reictious to either pnrxsxinpithomimetic or sxmpith- 
omunetie drugs or Ixith also haxe been nportexl rcpentcdlx m certam 
imlix ulinls appirentlx m pood beiltli xxho exhibited no objectixe exidence 
of a function d autonomic imbalnnec 
'Ihe sxinptom-complcx commoidx nssoewteef xxitfi fix perthxToidism fee- 
quentlx his been cited ns incompatible xxith the theorx of xagotonn and 
sxmpathcticotonu According to I ppmper nnd Hess patients with 
exophthalmic goiter max be classified aa xagotonic or sxmpatheticotomc 
on the basis of pastro-mtestmal hxpcnnotihtx nnd tnchj cardia rcspectixclx 
IManx eases of exophthalmic goiter, ns is noxx xxell known exhibit both 
gastro-mtestinal hvpermotihtx nnd tndixcnrcha at the same time, c»n 
sequentlj, it cannot be assumed on the basis of these sxTnptoms that 
either x igotonia or sxanpatheticotonia exists in these cases In many 
cases of tins disease the dominant saTuptom-complex including persistent 
diarrhea, gastric hyperacuhtj , xomiting, xasodilatation, and circum- 
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.stiuh' of fi'ank ousc^ of t-pa^fit eou'-tipatknu in vrUteb fUc pupillury rt^' 
was^'ui-otl as> an index, betoltold and Uauptstebi obsery: 

expected ptuxv'VtnpatUetie te''ptnt''e to pilocsitpH\.e and atix'piiu' ir. -- 
ea:^e. 

Ixiaib and ?(Oudek (Lb--. L 9 -L> Ib'JS) lutee foK iblt" eallet! 
five iuduenee t>f eLeetrolyte'; on tbe .lutononue uerv\'^ and emp}) ' 
iinpoi'tauee of tlie aeitbbaise iialanee in all dbea-'O^ in \vbieU the ?■ * 
!>\t'tent i'l diveetl\' iinoloed. .Vteotdiny to tkeie p<nnt of viev 
activity icMdt> in dinumition of t!ic cakitnu concentration e 
membrane. 'I'Ub dimtnntton t'i cakittm b atcompanietl by n: 
iti inUacellular potat-^itmu an incrcaH' in tUe pctmeability of tl- 
Itvdrvitiou of its- prvitopkvs-nu Oellular uvactioity. on the 01 
rc'^ults- in a relatiw ttureu'-e in the calcium couceutiation of lln 
brane. a dccrea''e in tbe permeability of tlie teU iiud dehytif^^ 
protopla'^m. l’ot.tS'''ium and calcium couceutiatioti- respect) •- 
fore, are indicative of cellular aetivnry and cellular les-t. Siuec f 
cKauges- may be initiated bv nervv impubes-. the cv>nceutriif' 
potassium or takiuut in tke serum may be an iodex t)f eellulor 
the sermu levx'b tlo tmt nccessarilv' cUanye tbe reaetuni^! ' 
t'hauyes in the ionic eotnentratiou. hovvc'ver. not itifiequcDl); 
c hanj;es in the autenromie balance. 

t^ince the assumption tluvt sympathetic atui parasymp 
tonus is associated w'itb ionic concetrtratiou is based mainly 0, 
to the iipectiou of adieoin. observed in elifikal c.ises, i| } 
inquire into tbe validity of thb criterion, .letrdrassik iin' - 

found no constant couvlatk'u between tiie leactimi to ic 
Ix'Ca ratio in the blcjod. Ihvms (ItmTl ako fmmd 
yerrcral rule. Ur experhuerrts reported by I'eterseu am) b 
carried out on rrorrrral men aiid elirrkvd patients, itrdivifji 
basis of their reactiorrs to adrerrur. w'vte classitievi as fraii! 
torrie exhibited a lower K/t'a ratio tharrurdrvnduals vviu»,f,. 
were clas-srhed as frauklv- vm^>tonk. but they td'O lui; 
this rule. 

five lack of corrstarrej irr tlresc experirrrerrtal results 1 
the iurport.mce rd’ the rouk baiarree hr relatroir tc> thef 
betweerr the svmpathetk aird pcvrasvaupathetk uev\f 
ratio hr the bodv" ilurds is uot e. true urvk'xof tbe kniit (, 
cell ureurbrarres. otr wdrieh the rev^-ctrenr- o'' the cx Us dcj, 

Lev ir!S(,?a have deurenrstrated cxperhrrerrtally rhat !' 

kalkUuu u(> potk'-.>MUUi 
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tlic potnssium duiutusliwl. t e , the \ ij.otomc person sliotild ln\t a low 
IC/Cn ratio tlie plijsioloftic cITctts Iiciiik inmlified 1)\ difTcrencts m loniza 
tion I iie \ ngotonic person, ns clmtcnlU defintsl, (Iocs not cxluhit mcrcasod 
metabolism nitli cnpillarirs dilalwl nnd pcnncablc but on the conlrarj, 
exhibits decreased mctnliolism and ixvUicctl capillars pcnneibtlit> 

Inn-smudi ns the ttnns xa},otonic nml ssinpathcticotonit ns chnicallj 
defined, do not neecssariK represent tlie functional states of the tissues 
retersen nnd inson lm\ t siipRcsteel tlmt tins cKssifitation be discartled 
'Ihei ba\e introduces! and dthneel tlic tenns "psrisnnpatlictic status 
nnd ‘'s^mpatlletlt status’ The former, nccordinj, to their definition 
denotes eapillarx dilatation tissue nctivit\, calcium dissimilation and 
lixdration, the latter tissue rest with \a>^>constriction caleium nceumula 
tion and dehxdration 

Petersen and Ix,\ inson also cnileel attention to another apparent moon 
sistencx Tlie contraction of smooth imisele (wliith mn\ rcprc'cnt the 
response either to s\anpatlictic or panminp itlii tie stirnuhtion) commonb 
has been rt^anled us tissue netnitx but dnrinjt the muscular contraction 
the e \pillancs arc contrnetctl ciipiUarx penneabilitx is dimmi^hcel meta 
bolic proec'sse's are n t irtlcd aud !e*ss encr;i\ is libcratetl \\ itli relaxation 
on the other bnntl the \n''CutarlKsl becomes dilattsl capillirs ixrnneabihti 
IS increTsesl and inctnbolisin is nccclerateal 'Ilie relaxation of smooth 
muscle, therefore rcpre*s(nts the pira.H\mpatlietie status as ilifined aboic 

Inasmuch ns the pamsMupithctic status nnd the sempathctic status 
represent states of tissue aetiMtx and tissue re'j.t respectixelv, the same 
status nlntnusU cannot eibtnm tlirouf'hout the entire bode at ane gnen 
moment lliis is well illustratcel In the adaptive conijKnsitorv reaction* 
bctwc'cn tlie pcnpliend nnd splantimu blood vessels 

The stimuli vvlucli elicit widespread \n.soconstriction at the pcripherv 
also elicit vasodilatation in the splntitbnic area nnel nrc rerjo Ihese 
changes art necompanusi b\ correspoinbnj: clnuRts m tlie permeabilitj of 
the blood vessels and the distribution of Icukocvtcs Ihe area m which 
the svanpathctie status obtains exhibits leukopenia, tlmt m which the 
parasvmpathetic status obtains exhibits leukocvtosis Leukopenia and 
leukocvtosis consequentiv , parallel coiupcnsatorv vasoconstriction and 
vasodilatation nnd mav be rcjranicd ns indices of the functional autonomic 
status m the respectiv e areas 

The peripheral nnd splanchnic areas nre so intimntclv interconnected 
through the nutonomie regulatorv meehnnism that when extensive areas 
arc mv oh ed, the slightest change in the autonomic status, at the penpherj 
gu ea nse to a corresponding diange in the oppos-ite direction m the spHnch 
me area, nnd vice icr^a, under both plivsiologic and pathologic conditions 
Disease processes mav result cither m chronic fixation of an abnormal 
autonomic status or in increased mstabilitv of the autonomic nervous 
sjstem, either of which conditions maj result m inadequate compensatorv 
reactions or o\ ercoinpensation giv ing rise to abnormal conditions of blood 
pressure (E E Muller, 1925) , 

In the light of our present knowledge of the innervation of the blood 
vessels (see Chapter ATII) the compensatorj vascular reactions in the 
peripheral and splanchnic areas obv iousI> cannot be explained on the basis 
of changes in sjanpathetic parasjanpathetic balance as commonlj under- 
stood, but they can be explained on the basis of changes m the autonomic 
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status of these areas respectively. As prenously stated, the peripheral 
blood vessels are not supplied vuth paras\-mpathetic fibers. ^ either has a 
paras%Tnpathetic innervation of the splanchnic vessels been demonstrated 
beyond question. The sjunpathetic nerves to the peripheral blood vessels, 
furthermore, include vasodilator fibers (see Chapter ^ Hi) - The periphera. 
vasomotor control, therefore, involves only the sATnpathetip nerves: con- 
sequently, an autonomic imbalance in the ordinary sense in tl^ area is 
inconceivable. The control of the peripheral temperature-regulating mech- 
anism, likewise, is eiiected mainly through the s\-mpathetic nerves. C ertain 
sjmergic reactions of organs which are innervated through both the sym- 
pathetic and parasympathetic divisions of the autonomic system, e. < 7 ., 
coordinated reactions of the sphincter and detrusor muscles of the urimny 
bladder, also may be carried out in the absence of nerve impulses (Schilf. 
1927). In the light of these observations, it must be clear that many 
visceral phenomena which hay'e been regarded as manifestations ot fimc- 
tional antagonism between the sympathetic and parasympathetic nerves 
must be explained on some other basis. In so far as they invoh'e the 
functional activity* of both sjmpathetic and parasympathetic nerves, these 
nerves are not mutually antagonistic, but symergistic. 

In y'iew of the data outlined above and our present knowledge of the 
hmnoral transmission of nen'e impulses and the distribution of cholinergic 
and adrenergic fibers in both divisions of the autonomic nervous system, 
the concept of a clear cut functional difference between the parasympa- 
thetic and the sympathetic nerves is untenable. On the basis of this knowl- 
edge and the results of a study involving measurements, oy'er an extended 
period, of 20 physiologic variables of which at least 12 are mediated at 
least in part through the autonomic nerves, in 62 children six to eleven 
years of age. and a factor analysis of these data, Wenger (1941) has pro- 
posed the foUo-wing restatement of the theory' of Eppinger and Hess: 

(a) “The difierential chemical reactivity and the physiological antagonism 
of the adrenergic and cholinergic branches of the autonomic nery'ous system 
permit of a situation in which the action of one branch may predominate 
over that of the other. This predominance, or autonomic imbalance, may 
be phasic or chronic, and may obtain for either the adrenergic or the 
cholinergic system. (6) Autonomic imbalance, when measured in an 
unselected population, vill be distributed contmuoiisly about a central 
tendency which shall be defined as autonomic balance.” 

Factors Infinencing the Autonomic Balance.— The Acid-base Balance.— 
The results of clinical studies reported by Hollo and Weiss (192.5) have 
shown that calcium chloride administered intray'enously in therapeutic 
doses r^uce& the bicarbonate content of the blood plasma but increases 
the H-ion concentration of the blood and the aly'eolar carbon dioxide 
tension. Calcium chloride and calcium lactate adminisrered by mouth 
also reduce the bicarbonate content of the blood plasma. These res'olts 
are in full agreement with those of Furst (1925) and others, obtained in 

^^d show clearly that the acid-base balance can be 
changed in the direction of acidity- by the admim'stration of calcium and 
that an mcrease m the potassium-ion concentration results in a chancre 
in the acid-base balance in the direction of alkalinity-. 

Changes in ^e functional balance between the sympathetic and the 
parasympathetic nerves due to changes in the acid-base balance have been 
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aml>b (Icmonstrntod 1 he rtHulli of expenment'j )n\ oK inj; the stimiilatinf 
efftet of ndrcnin on the s\nnpathctic nmrs prove tontlnsivcl} that the 
effect of n<!r( nm iH hv tfw chcmwrtl re ictuvu of the flwvh cimj 

latinp tlmitiKh tlic orRiins in question In the expcnmtnts of Snvilcr and 
Aiulrcus (lOlO), Snvdcr and rnmpUli (I02U) and SiiNiler and Martm 
(1022), adrtnm ptrfusc<l through the iwrtal svstrm m turtles resulted m 
dilatation of the blood ves.mls vvhcii the 11 ion conccntntion of the per- 
fusion fluid was low rtrtaui cxpcninentfll data citwl hv Dalmt also 
indicate a griater rise m blwxl |>rtssiirt in response to a given dose of 
adrctiin wlicn the rcattionof thchltHHl is nlkalme than when the acid hose 
balance is sluftctl towanl the acid side In ‘ximt mstanees when the re- 
action of the Wood tcndctl toward tlic acid side, tlie admmtslntion of 
ailrcnui clicitisl no rise in IiIikkI pressure In perfusion experiments on the 
frogs heart AUkr and MulUrohservwluvhihvtum, i e a psrvsvmpathctic 
reaction, when tlic |m rfusiou fluid was ncul and neccltmtion, i e , a svm 
pathetic reaction whin the perfusion fluid was nlknlnie 
^\ciss and Ilenkovies (Ifli’i) found tint the effect of adrcnin on btooii 
prc'>surc was rtsltiwl following the wlminntration of calcium chlonde 
which as states! alxivc, shifts the acid base Imlanct of the blood toward 
the acid side ihis result is m full ncconl with nctinl clmienl findmijs 
Patients witli hvpcrthvrmdism cominonlv c.xlnhit a shift m the acid ban: 
balance toward the nlkalme side 'lhc\ also exhibit incmsdl svmpathctic 
rcactiMtN to adrcnin In general tin degree of clinnge tonnnl the acid 
side coraspomis to the degree of improvement Tin. decrew m the re- 
RctiVitv of the svmpitlictic nerves to odrenm n!>o corresponds to the 
rwliiction m the alkalmitv of the Wood (Cscpai Iloilo anil Weiss Iffio) 
Patients suffering with diseases wlucli eommonlv oa associated with 
hvporact<lit>, e g hroncliml asthma divlictes insipidus etc likewise 
rarel) if ever exhibit mcreaswl svmpitlictic rcnetivitv to ndrenm la 
mans cases thcrcnctuitv of tlic s\mpathctic nerves to ndrenm is nctuall> 
suhiiomal (Bahnt 1927) Patients with dn\>ctcs inclhtus exhibit a wide 
range of vnnvtion in the rcactivitv of the svanpathetic svstem to adrcnin 
In a studv invoUini, comparison of svmpathetic reactivitv and the acid 
base reaction of the blootl in dialietic patients, Csepai, Hollo and \\ei>s 
(ID2a) found that sjmpatlictic rcactivitv to ndrenm was subnormal in 
those ixhibitmg hvpcraciditv, but incrcaseil in those who had been sub- 
jected to massive swliimi bicarbonate treatment In certain cases in 
winch thtv found subnormal svinpathetic reactivitv liofort treatment, 
adrcnin elicited n nonnal or exaggemtcil response after alkaline tiierapj 
ihtse results are m full accord with the results of animal experimentation 
cited above and stronglv support the theorv that svanpathetic tonus u 
increased bj a change in the acid b ise balance in the blood tow ard the 
alkaline side and parnsjonpatbetjc tonus is increased bv a change in the 
acid base balance tow ard the acid side 
If such IS the case, we should expect to find tv idence of Inpenciditv m 
all cases m winch vagotonia ns indicated hv pharmacologiCcriteria exists 
Thf data bearing on tins point os vet are meager but thev afford evidence 
■which IS stronglv snggestiv e Chronic gastric and duodenal ulcer almost 
mvannWv is associated with parnsvinpathetic hv perimtabihtv and hjpei^ 
aciditj (I okm, 1925, Lande, 1926, Simmtzkv 1927, Balmt 1927, and 
others) In certain cases of cholelithiasis, the dominant sjauptoras reserable 
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very closely those of gastric ulcer. This is true particularly of the reflex 
reactions of the stomach, including h^'permotility and changes in gastric 
secretory activity vrhich are manifestations of vagotonia. Although vago- 
tonia usually is demonstrable in cases of cholelithiasis, the H-ion concentra- 
tion of the blood falls vithin the normal range in many cases. In a clinical 
study of 14 patients with cholelitliiasis, involving determination of the 
H-ion concentration of the blood and the elimination of alkali through 
the kidneys, Balint (1927) found that, although the H-ion concentration of 
the blood did not deviate beyond the normal limits in any of the 13 cases 
in which it was determined, the urine did not become alkaline or only slightly 
so following the injection of sodium bicarbonate in 9 cases, showed a neutral 
reaction in 1, and an alkalme reaction in the other 4. The majority of 
these cases (9 out of 14) exhibited alkali retention which, according to 
Balint, is associated with an acid condition of the tissues. It must be 
admitted, therefore, that the tissues were more acid than normal in these 
cases, although hA-peracidity was not demonstrable in the blood. The 
results obtained in a limited number of cases of bronchial asthma, in gen- 
eral, corroborate the above findings in cases of cholelithiasis. On the basis 
of these findings, Balint concluded that some degree of h^'peracidity is a 
common accompaniment of vagotonia, although the H-ion concentration 
of the blood may not deviate beyond the normal limits. 

The Vasosensory Mechanisms —Specific mechanisms of autonomic regu- 
lation such as the carotid sinus and the cardio-aortic and abdominal vaso- 
sensory mechanisms, described in Chapter "STII. play a significant role in 
the physiologic processes involved in the maintenance of the fimctional 
balance throughout the body These mechanisms are involved partic- 
ularly in the reflex control of circulatory and respiratory equilibrium which 
they exercise by maintaining and varying the tonic inhibition of the 
organs concerned in these essential life-maintainmg functions and through 
the influence which they exert in the more general functions particularly of 
the SATnpathetic nerves. 


In general the carotid sinus mechanism is activated by optimal condi- 
tions of oxA'genation and blood pressme which favor bodily activity. In 
turn it tends to lower blood pressure to the level which is commensurate 
with the maintenance of its own actmty Conditions of low blood pressure, 
low ox\'gen tension or excess of carbon dioxide in the carotid sinus, on the 
other hand, tend to inactivate the carotid sinus mechanism, or reduce its 
inhibitory action, and release the restrained sympathetic mechanisms from 
tonic inhibition (Bielniski and Wierzuchowski, 1939). At the same time 
impulses ernanating from the carotid sinus which elicit parasympathetic 
reflex activity are reduced. Like carotid sinus denervation, such condi- 
tions tend to produce hy'pertension and, in certain cases, hvperpnea 
(Heymans and Bouckaert, 1930; Winder, 1937, 1938). Under conditions 
of e::^emely low blood pressure, “paradoxical” reactions may' result in no 
rise in blood pressure and respiratory failure. 

. ' asoreceptive mechanisms which normally exercise a regulatory 

inhibitory control over sympathetic activity, actually reducing the mami- 
tude of vasomotor and other sympathetic reflex reactions to afferent nerve 
stimulation, also exercise a positive control through the parasympathetic 
nery ea (Henng. 19_/ ; Heymans. 1928; Bernthal and iMotlev, 1939), includ- 
ing increased intestinal tonus and motility' (Toumade and Wahnajac, 1929). 
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Adrcnin in the circulntmR blood tcndi to sensitize the carotid sinus 
mcclmnism nnd thus increase »U inhibitor} cfTccLs botli on l)loo<i pressure 
and respiration (lies mans, 1029) Data reported h\ Bettencourt (i93o) 
nnd Chu and IIsu (1908) support the assumption tlint the ndrenin ictuallj 
increases tlic 8cnsiti\ it\ of the carotid sinus mechanisms to the existing 
blood pressure, const c|ucntl\, a depressor reaction max be prwluced inde- 
pendenth of tlic peripheral depressor effects of adrcnin Bv increasing 
the inlubitorx control of the carotid sinus miclmmsm over svanpathetic 
reactions adrcnin also exercises an inlubitor} control over mwhillndrenal 
secretion nnd thcrchv prov ides homeostatic limitation on iLi own account 
In like manner, adrcnin inn> limit other svmpathctic responses (Darrow 
and Gcllhorn, 1019, Gcllhorn Darrovv and ^csjiiick, I9'19) 

Tlie action of acetvlclioline in the carotid huius accordinp to Ilevanans 
ct al (BJId), ina\ result in liepcrtension bv dccrtasuiR svmpathctic inhibi 
tion lliis undoiibteillv is due to cholincrRic inactivation of the carotid 
smus mcclinnism, smear the effects arc similar in kind to those of carotid 
sinus denervation The phvsostiRininc-like action of ergotamine in the 
carotid smus which, nccordinR to Bnc<| Brouha and ncvmans (1932), mav 
result m hvpcrtcnsion also indicates failure of svmpathctic inhibition due 
to depression of the carotid smus reflexes (lit v mans Regmers nnd Boutk- 
nert 19d0) llic inert nsed blood pressure in bumnn subjects following the 
ndministrution of ergotamme as reported bv 1 reeman and Carmichael 
(1930), probablv can be explained most satisfnctonlv on the same basis 
Carotid sinus dvsfunction not uncoinmonlv is mnmfcstcd m sv*ncopaI 
attacks, prob iblv due to livpcrimtabilitv of the carotid sinus mechanisms 
(Weiss and Baker, 1933) 1 tms, Capps nnd Weiss (1935) have classified 
sucli attacks ns (1) cerebral (2) cirdinc and (3) vasomotor depending 
upon which of the carotid smus tncchaniMns arc most involved In the 
cerebral attacks tlic reflexes mUmteil \\\ the carotul smus affect pnmarilv 
the brain or cerebral circulation In the other tvpc», the embarrassment of 
the general circulation sccondarilv results m sv nrope In these latter cases 
convulsions inav occur not as a direct effect of carotid smus hvpcrirntabil 
itv but m consequence of the svncopal attack (I rccdbcrgnnd Sloan 1937) 
In idiopathic cpilepsv, as observe*! l>v Weiss and Baker (1953) carotid 
smus pressure does not cause seizures I pilcpsv, ns shown b} JIanne«co 
nnd Ivrnmdler (1931), ninv nctunllv be nssociatetl with carotid sinus hvpo- 
sensitivitj, in vvliith ease seizures mnv result from failure of the carotid 
smus mechanism to protect the brnm from mechnnicn! shocks transmitted 
through the circulation Darrovv (1913) admitted this po^ibilitv but on 
the basis of elcctroencephalographic evidence advanced tlie opinion that 
lack of hjdrodjnainic control is less important in the etiolog} of epilepsv 
than inadequate buffering of the autonomic discharges to the brain 
Hv'persensitivitj nnd ov errcgulation bv the carotid smus mechanisms 
are indicated m certain eases of schizophrenia bv the depression of s^anpa- 
thetic functions (Gcllhorn 1938, Darrovv and Solomon, 1939 1940) Ihe 
blood pressure tends to be low (Iruman Hoskins and Sleeper 1932) and 
the pulse slow (Hoskins and W'^alsh 1932) Emotional hjpoglvcemia is the 
rule (Bowman and Kasamn, 1929, IVhitehorn 1934 Gildea Madhouse and 
Morns 1935) probablj due to increased vago-msulin secretor} activitj 
(Gellhorn, Feldman and Allen 1941) The observation reported bj 
Lindeman (1935) that seliizophremc sjmptoras arc aggravated bj the 
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STibcutcneou5 rnfectioiL of cdreniiL snpportrr rlie c,5Siiiiiptio-i liiiLL 
sistmt. Tincooper^rrve pctieats the «xotid sinus mzy beiouie seusrtoi 
bv iuoreused production of adrenrn (Daoxotr end Solomon. 1940). 
eSectiveness us z therapeutic agent in schizophrenia ot ergotarmne. a drug 
which desensitizes the carotid sinus, also supports this pomt or vnew 

(Baber and Tietz. 1937). _ ^ 

Tests of Autonomic- Ftmetfonai Balance. — A. test of autonomic tunction 
can be simificant onlv if it circumvents the mutually” antegontsLic act-iom 
of the sympathetic and parasympathetic nerves so that it may indicate 
clearly whether an observed reaction is due to increased aenvity in one 
division of the autonomic santem or to decreased activity in the other. 
Tests which merely indicate a functionaL imbalance are of Ktde value and 
mav even be misleading, since they do not deSne the reactions in question 
in the neural and neurohumoral sjutems. Autonomic reactions, further- 
more. may bear one relationship to the initiating processes in the nervous 
system under certain conditions and another relationship under other 
conditions. 

Circumvention of the diScuities in interpreting observed autonomic- 
reactions in terms of neurohumoral processes have been attempted in 
various ways: (1) by recording the reactions of mechanisms which are 
innenrated through only one division of the antonomic- system, e. c.. the 
nictitating membranes; (2) by elimination of either the sympathetic or 
the parasympathetic innervation of the organ in qnestion: (3) by assajung 
in vrv’o or in vitro the neurohumoral mediator liberated; (4) by analysis of 
the reactions to appropriate pharmacologic agents: (5) by recording the 
action potentiris of the respective autonomic nerves. AE of these methods 
have been found useful but the interpretation of the results obtained is 
beset with diScuities due to homeostasis, smee autonomic reactions tend 
not oSy to bring about adaptive changes but also to m am ta rn the con- 
stancy of the mternal milieu. The criteria by which the sympathetic or 
parasympathetic character of a grveu mechanism may be determined, 
furthermore, are varied and not alwa^-s consistent with one another. 

Tests Based cn Singly mnervatec — The nictitating membrane 

receives its efferent innervation solely throunh adrenergic svmpathetic 
fibers: consequently^ it provides an ideal sympathetic in^cator. It has 
been utilized as such by various investizators. induding Brown (1934). 
Rosenblneth and Schwiirtz (1935) and Gellhom and Darrow (1939). It 
promdes an index not only of sympathetic excitation but also of inhibition 
ot sympathetic tonus. Its reaction to adrenin may be enhanced bv eserin 
and decreased by atropine (Rosenblneth. 1932: Seeker. 1937). It mav 
react to large doses of acetylcholine in a nimal^ in which it become 
sensitized foEowing denervation (Alorrison and Acheson. I9o.S). TFrese 
properties, as Darrow (1940) pointed out. do not seriously detract from 
its usefulness as a svmpathetic indicator under normal condrtions- 

The sweat glands are imervated solely through cholinergic sympathetic- 
fibers- The secretory actfviQ- of these glands has been utOmed excensivelv 
as an index of sympathetic activity. Sweating and the concomitant 
conges m the electrical resistance of the skin, particularly in the pahn 
the han^. are extremely sensitive to changes in the level of actrvftv th'= 
^.mpa^edc nerv-es. Excessive ^spontaneous sweating probahiv” alwaw 
i^diCctes Ciiiggerated sympathetic reactivitv. 


of 
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tests of autonomic functional balance 

sized bv the results of various studies, particularly those of Rosenblueth 
and Schwartz (1935) and Watkins (1938) Vasomotor inhibition partic- 
ularly by impulses emanating from the carotid sinus is an mportant factor 
in blood pressure, as indicated by the hypertension following carotid sinus 
denervation (Hejunans and Bouckaert, 1931, 1935), which may be pre- 
vented by prior complete sjunpathectomy (Hejunans and Bouckaert, 
1935, Grimson, 1939). 

Vasomotor tonus may be utilized as an indicator of autonomic function 
in a wide variety of conditions but identification of vasoconstriction with 
sjonpathetic activity is not a rational procedure, since the sjunpathetic 
innervation of most of the blood vessels includes both vasoconstrictor and 
vasodilator fibers Sjmipathetic vasodilatation has long been recognized 
in the skeletal musculature, where obviously it may serve an emergency 
function This is particularly marked in “animals of the chase” such as 
the dog and the hare (Burn, 1938). In most mammals, including man, the 
cutaneous and the splanchnic vessels are supplied with adrenergic vaso- 
constrictor and cholinergic vasodilator fibers 
Tests for the reactivity of the adrenergic and the cholinergic systems are 
helpful particularly in the diagnosis and treatment of peripheral vascular 
diseases and other neurocirculatory disorders. Among those which have 
been used particularly to determine the capacity of the patient for vaso- 
dilatation may be mentioned induced fever (Brown, 1926, Adson and 
Brown, 1929, Adson, 1936), spinal and general anesthesia (Scott and 
Morton, 1930), nerve block (White, 1930, Scott and Morton, 1931), 
warming of the extremities (Landis and Gibbpn, 1933) and the administra- 
tion of cholinergic drugs Tests of sympathetic reactivity which may be 
used in the diagnosis of hypertension include the cold pressor test (Hines 
and Brown, 1933, White and Gildea, 1937), skin temperature determina- 
tions (Craig, Harton and Sheard, 1933), plethysmographic blood volume 
and blood flow determinations and photoelectric plethysmographic technics 
(Hertzman and Dillon, 1938, 1940) 

Assay of the Output of Humoral Mediators.— The assay of the humoral 
mediators may be accomplished m vivo in the same animal or a second one 
by registration of their effects on denerv’^ated sensitized organs, or in vitro 
either by their effects on strips of excised, sensitized tissue or by chemical 
tests. The two kinds of sympathin, E and I, correspond in their effects 
to those of an undifferentiated adrenin and to those of a partially oxidized 
adrenin, “nor adrenin,” which has been deprived of its inhibitory action 
(Bacq, 1934, 1935). It is significant, furthermore, that the inhibitory 
action of sjmpathin I or of inhibitory adrenin is apparent only in tissues 
which hai^e a parasympathetic (cholinergic) nerve supply arid in those 
which have no parasympathetic nerves but are supplied with cholinergic 
sympathetic fibers, the effector endings of which, or the effectors them- 
selves, are sensitive to parasympathomimetic drugs An inhibitory’^ action 
of adrenin on purely adrenergic effectors, except secondarily through the 
effects of adrenin on the cholinergic sympathetic ganglia (iSIarazzi, 1939) 
or through the carotid sinus and other moderator nerves (Heymans 1929 
Gellhorn Darrow and Yesinick, 1939, Bronk, Pitts and Larrabee, 'l940),' 
has not been demonstrated beyond question. 

The nictitating membrane sensitized by denervation is a relatively pure 
adrenergically excitable structure; consequently, it provides a sensitive 
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indicator of cxcitntorj (I ) ‘i\'mp'ithin (Lm and Itoscnhliictli, 1935, Sira 
cone, 1037) Inliil)itor> (I) ^jmpntliin or inlul)itor\ ndrcnih exerts little 
effect on it or none at nil 'ilie chmnicnlK dLncr\nlcd nictitating mem 
brnne has been used {xtcnsi\el\ for the in m\o nssa\ of smp'ithm E and 
adrenin (Cattcll, Wolff and Clark 19'kl, Partington 1930, Ilcndcr and 
Siegel, 19-10) Die earls differentiation of cxcitatorj (1 ) from inliibitorj 
(I) sj-mpathin ssas based mainls on studies of the diffcrtntinl reactions of 
the nictitating intmlirnnL and the non-pregnant uterus of tlic cat As 
o\>scr\ed b\ Cannon and Uo«cnh!«ct!s (1933), t!ie cxcitntors sj-mpathm 
libcrntcil b\ stimulation of the hepatic ncrscs ssas sufficient to cause 
contraction of tlic nictitating membrane luit Iiad little mliibitorj effect on 
the non-pregnant cat s uterus, sshcrc'is inhibitors ssnipithin libcrateil bs 
stimulation of the ssmipatlictic ncrscs of tlie stomach and intestine cause 
marked relaxation of the uterus hut relativels little contnction of the 
nictitating mi.mhrnn( Cannon and IloHenhhictli (1035) shossetl further 
that an amount of ssmpatlun 1 sufficient to pro<hice a mcasurcel contrac- 
tion of the nictitating rncmfiranc produces luit slight dilatation of the 
pupil After pirnssanpathctu dcnersatioii of the ins the same amount of 
s^Topithm I caused appreciable pupdlarx dilatation, consequentJs thes 
inferred that ssinpatlun I must in some manner stimulate the cholinergic 
constrictor meclmnism Ssinpnthm I or inhilutorj ndrenin on the other 
hand, relaxes the cholinergic coustnetor mechanism, thus facilitating dil 
ntation (^onkman, 1030) 'Ihesc data support tlie assumption that 
ssinpatliin L and ssmipatliin I mas ssork ssnergisticnils bv causing con- 
traction of tlie dilator muscles and simultaneous relaxation of the con- 
strictor and tlius produce greater dilatation of llit pupil tlinn ssould result 
from excitation alone 1 lit operation of the humoral mediators, stanpatbin 
E and sjanpatliin I, on tlic pupil ohxinuslv pamllels the effects of nerve 
stimulation uhere svanpathctic txcitntion nnd pamsunpatlietic inhibition 
mn> result m svncrgistic action 'Ihc complctilv dcncraatcd ms in the 
escrinized animal provides a useful indicator of tlie svnergistic effects of 
excitatorv nnd inhibitorv adrenin It has nNo l>ccn utihred bv Bender ond 
Weinstein (1910) ns an ndrcncr^nc indicator, uith the denemted facnJ 
musculature as a cholinergic indicator 

The musculature of the gastro-mtestmni tract, particulnrlv that of the 
large intestine, has proved useful ns an indicator of the mhibitorv action 
of sjanpathm nnd adrenin Since gastro-intestuml motihtv nnd tonus are 
maintained through cholinergic parasvinpathetic nerves tins musculature 
maj also be used ns an indicator of cholinergic nctivitv (Ixicw and Patter- 
son, 1935, \ oilmans nnd Meek 1937) Die observation that the in- 
hibitorj effects of nerv e stimulation ninj be abolished b\ splanchnicotomv 
nnd restored b> adrenm supports the assumption that the> are mediated 
through the sjanpathetic nerves 'ioumans Meek and Herrin (I93S) 
employed both innervated nnd dcncrvnted Ihterrv fistulre in the same dog 
for simultnneouslv testing the effects of nerve stimulation and those of 
humoral agents 

The rate of the denenated heart provides a useful indicator for the 
effects of humoral agents nnd has been utilized extensively (Cannon and 
Uridil, 1921, Cannon, Lew is nnd Britton 1926, Newton, Zwemer and Can- 
non, 1931, Rosenblueth nnd Phillips 1932, 3\Thitelaw and Snyder, 

It 13 sensitive to both adrenergic and cholinergic mediators but the cho- 
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linergic ejects may be regarded as negligible escepr in tbe__prese^^ of 
eserine or similar drngs. in any case, the excitatory and mhibiLO^.v accxous 
of SA^Tnpathin or adrenin are synergistic. . ^ 

Tests InToIvinr Eeactfozs to Paamacologic Agents.— On the basis o. 



act 

of an autonomic 
macodynamie methods. 

diditci 


of 


Others hare denied this possibility on the basis 

v-fiich radicate that certain indhiduals react strongly to both, 
sympathetic and parasympathetic stmmlants and the confiicting_ results 
obtained in many pharmacodynamic studies. In general, indiv-iduals 
with exaggerated sympathetic tonus react more strongly to ^mp^atho- 
mimetic agents thmi those wdth normal autonomic balance. Indindnals 
with exaggerated parasympathetic tonus, likewise, react more strongly to 
parasympathomimetic agents than those with normal balance. The eSect 
of a given dose of a drug like ergotamine. which tends to block the sympa- 
thetic or adrenergic nerves, or atropine, which tends to block the parasyni- 
pathetic or cholinergic nerves, therefore, vanes according to the functional 
balance of the autonomic system. In the presence of exaggerated symipa- 
thetic tonus a larger dose of ergotamine is required to block adreuergie 
functiou than iu the presence of normal autonomic balance, likewise, in 
the presence of exaggerated parasympathetic tonus a larger dose of atropine 
is required to block cholinergic function than in the presence of normal 
autonomic balance. 

The assumption that ergotamine merely tends to block adrenergic- con- 
duction is misleading. Its primary action on smooth muscle, paitfctilarly 
that which is choliuergically activated. like the gastro-mtestinal muscle, is 
to cause contraction (Rothlin. 192*^ j. In the mtact animal it increases 
intestinal motih'ty. causes extreme miosis (Dale, IQOd; Crouch and Thomp- 
sou, 1939) , lowers blood sugar (Shpiner, 1929) and decreases blood pressure 
(Wright, 1930). In certain cases the administration of this drug may be 
followed by increased blood pressure probably due to the contraction of 
muscniar organs. Desensitiaation of the carotid sinus by ergotamine 
(Heymans rf al.. 1930) may be a contributing factor in the rise in blood 
pressure in these cases. Ergotamine blocks the inhibitory effect of adrenin 
or sympathetic stimulation on cholinergicdly activated mechanisms. The 
inability of adrenin or sympathetic strmulation to block the spontaneous 
activity or relax the tonus of intestinal muscle iu the presence of ergotamine 
can be explained most satisfactorily on this basis (Darrow. 1943 In the 
hnman placenta, which is devoid of nerves but rich in choline (Chang and 
Gaddum, 1935), constriction of the blood vessels by adrenin is block^ bv 



resul^g in constriction which is sjmergic with adrenergic constrictor 
activitj-.^ This inhibition of the vasodilators does nor take place folio wing 
the admimstration of ergotorine: consequently, the rise is less marked or 
there may^be an actual fall in blood pressure. A similar vasomotor reversal 
after eserine, which is abolished by atropine, has been demon^tmtfA 
(Bulbring and Burn. 1935: Herwick d aU 1939). This also suggests that 
the inhibitorT' eixecLs adrenergic stimulation mav b<=^ bk^^^ in th'^ 
presence of sumcienr acetvieholine. linegar et rJ. (I939j have shown tha^ 
the depressor ejects of acetylcholine may be potentiated by er tamine 
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ixnd tlmt i\m nctioJi mfi\ Im rt\cr»c<l 1)\ ntropuic 'llic tluof \ahie of 
crRotninnic ns nti iiulicntor of mitonoinic fiuutJoij uiHlouhtcdK hes m Jti 
cfTecti\tncss in ttstinp for tlu of snnpitlictic mhibitor\ and 

ndrcnni inluhitnr\ Lfficts on cl)oliiu 4 ,u ftniLtions 
'I lie use of ntropiiK to detinnitie the roU of clmlinirpic inocliini'nns in a 
giNtn rcsjwnvc 1ms become nlmn^t nmtini m pliNsiolo^jit cxj)cnincnts fLe 
mcfisurcmcnts soucht li\ its n«t hii\< Um inninl\ of tuo t\pes (1) an 
index of the nornml cliolinc rj,it ncti\ il\ ns indicntwl b\ tlit clnnRcs inducwl 
when tlmt neti\ it\ is iilockwl mid (2) nn indi x of s\ mpatbctic function as 
inditatcd b\ the totnl residiml mtivits following Idockinj; of tliccholincijic 
mcclmnisins 'Hit possible ifTetts of tin ilriip onilioliiurpu tnns^nl^slon 
of ntr\c imjmlsis m tlit HNinpitlietic Mintlm, tlio ndreim) inwlulla and the 
central iicrxous s\stim nnd the |Mmibh comjHnsntorx action of the carotid 
sinus and other moderator mr\»s in \\ Mtiati Ixitli these tITccts to some 
extent (Dnrnm, Ihll) \tropim has ntvrrthdess Ikiii found useful m 
the studs of nutonomu funitiotis pnrticnlarls in iHsthopatluc patients 
(1 entress nnd Solomon, 191(i) mid s\n(rj,ic nnd antagonistic pharmaco* 
logic resjxmscs in normal mid di-H is«l hmnnn subjects (Aherson l/oman 
and Duneshek, 1017, IlrokofT and KnldtnWrg 10 IS) 

Autonomic Action Potentials —I Icctnt neonhng of the neti\it\ of auto- 
nomic cfTettors 1ms been utihrwl uidtlv m studies of autonomic actmtN 
The litcrnturi Ik irmg on the use of iiction ixittntnl rcconls in imostiRa 
tions of xnrious aspects of the phxsiologx of the autonomic nerxes » too 
extcnsiNt to he rciuvvKl m thisnmnection AmlNtu stmliesof the electric 
responses m smooth muscles m Minous org-ins such ns the nictitating 
memhnnes, pdocrcctors mtcstmc uterus, iirmirx bladder and ureters and 
their autonomic nerves e irneil out h\ various mvestigitnrs including 
nosenhluetli I u-^e mi<l Immliert (191.1) UimWrt anil Uosonblueth (193o), 
nnd Borler (19 IS) indie“itc that the action potential reconU ohtuined m 
mluhitorv responscb differ from those ohtnmwl m cxcitatorv rcsponsc^ 
With respect to the «»di\arv glnmls the aetion potentid reconls obtained 
during snnpathctic stimulation differ fmm tlio'C obtained during para 
sjuipatlictic stimuhtion (Uronk mid (tchII 1920) 

x\drcnm atropine and c'crtnin other plmnnaeolngic agents as indicated 
b\ action potential reconls (Alarnrzi 191')) exert a (fampmg infiticiiee on 
cholinergic tnmsmi'‘Sion m autonomic gnngln, whereas sucli transmission 
IS facilitated In parnseanpatlininimetic drugs Action potentiaf reconfs 
have been cmploved in investigations involving problems of autonomic 
control particuhirlv bv Ilinsev nnd Gasser (1910) nnd Bishop, Ilembecher 
nnd Ol^ar) (1931), nnd m studies earned out to detcnnmc the specific 
functional relationship of the carotid sums nerves to svanpathetic regula- 
tion bv Bronk (1911), BronK mid Stella (1932 1935) 1 isclier and Lowen 
back (1934) Boiige nnd Stclli (1914 I93o) Samann nnd Stelh (1935) aw 
Pitts (1942) I lectrical recording technics undoiibtodlv can be emploved 
still more vv idelv in studies inv olv ing the sv nergic and ant igomstic actions 
of adrenergic and cholinergic mitononiic ineclmmsms 



CHAPTER XXI 

THE AUTOXO^^IIC XERTOUS SYSTEAI IX DISEASE 

Clinical Significance of Autonomic Dysfunction.— The data outlined in 
chapter XMII show clearly that disease processes not uncommonly me 
accompanied by histopathologic lesions of autonomic ganglia and ganglion 
cells or central autonomic centers. Such lesions usually are non-specific. 
In some instances they are obmously related to a disease process: in others 
a direct relationship of the autonomic lesions to a disease process is not 
apparent. The data available in any given case usually do not indicate 
whether the histopathologic alterations obsert’cd antedated the onset of 
the disease with which they are associated or arose as a result of the disease 
process. In either case they may play a role hr the progress of the disease 
and its sequels. The autonomic nerves, furthermore, may play significant 
roles in disease processes in the absence of recognizable neural lesions, due 
to modified refiex activity or increased or decreased stimulation, inhibition 
or depression of central autonomic centers. 

Lesions of the autonomic ganglia and ganglion cells which arise during 
the courses of certain diseases affect their progress due to theh stimulating 
or depressing effects on the vasomotor nerves, the visceral muscles and 
glands. Vasomotor depression results in a fall in blood pressure and 
changes in the distribution of the blood in the organs. The volume of 
blood in the splanchnic area is greatly increased, while other parts of the 
body, including the central ner\'ous system, the skin and the skeletal 
muscles are relatively ischemic. Infectious diseases in children not infre- 
quently are accompanied by sympathetic hyperescitability. Severe acute 
intoxication in children may be accompanied by sympathetic hypotonus 
which alway's indicates an unfavorable prognosis. The toxic effects of 
disease on the autonomic ganglion cells and the central autonomic centers 
result in modification of various msceral fimctions. Depression of the 
sympathetic or stimulation of the parasympathetic nerv'es results in gastro- 
intestinal hypermotility, retardation of the cardiac rhy*thm. etc. On the 
contrary, stimulation of the sympathetic or depression of the parasympa- 
thetic nen-es results in constipation, cardiac acceleration, etc. Stimxdation 
or depression of the secretory nen^es due to the toxic effects of disease, 
likewise, may result in far-reaching glandular dysfunction. Reflex vaso- 
constriction initiated and maintained by the stimulating effects of per- 
ipheral lesions, e. g., arthritis, not only retards recovery', due to limitation 
of the blood supply to the part in question, but also constitutes a causative 
factor in the production of pain. Alodification -of the autonomic status, 
due to the toxic effects of disease, not infrequently results in disturbances 
in metabolism due to changes ia the permeability of the capillaries and the 
tissue elements and shifts in the acid-base balance. 

Certain indhiduals exhibit excessive autonomic lability' and an inability' 
to achieve rapidly certain necessary' autonomic adjustments, due to in- 
herit^^ constitutional factors. In these indmduals. particular fimctional 
disabilities which form the local points for certain diseases, such as mi- 
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prnmc, iirticnrm, colitjs, poiter, Rlftticomn, etc, not Jnfrctjucnth are pr^ 
cipi(ntL({ 1)\ ciiNironinditnl to winch the Autonomic adjustment 

Ims been inaddiuntt Moa freriiiciitiv the M7nptoinatolojj\ »s mdefimte 
jn\ol\infj \nput jmint nnd <h’<comfort which inn\ Iw rcfirml to \arK)u.-. 
orpnns imusta, licmlnche re*ipiraton distress etc, m the absence of 
rtcopni/aldc cmisntix t factors '1 htsc indi\ ichmN rnnpe from organic vrell- 
bunR through imjcickIs lu which orgatitc discomfort is pcrccixesi subjectwtlj 
to tlic acute tpisoilcs whicii the plissicinn recognires ns clinicaHi definable 
and ohjcctncls ihuumstmhic disinsc, nltliougli lie is able to recognize no 
caus iti\ t factor otlicr than niitonomic disintegriitinn In the presence of 
organic disease tins autnnnmic Inlniits is mnnifcsttsl particular!) in the 
\nsculiir and glandular reactions to the stimulating or depressing cflcclsof 
toxins and otlur imtntuig factors, resulting in far reaching disturbances, 
pirlitvdarU in tissue nutrition and cntlocnnc l>n!nncc, with wnfasorab'e 
effects on the jirogriss of thi disease I motional litlmMor, as outlined m 
Chapter I\ , is me<hate<I at least m part tlirough the hi pothalamic centers 
winch arc minUtsl m tlu higher integration of autonomic reactions Tbe 
\ isce ral cemi|>onents of eiiiottonal expression represent the rcspon«e5 of tbe 
organs in tim ^tion to the thschnrge of impulses from these centers i la both 
the snnpathetie and pamsnnpathctic ncries llipotlinlnmic integration 
also plaxs n sigmfiennt rfde m emotional stales n^soclntttl with hi 7 »tbal 
nmic lesions which include alternating moods of excitement and depression 
with nssociatexl altimtions in Mscenl functions 

llic most primitiie components of emotional liehasior spring from the 
s ital requirements of the organism Tlie higher fonns of emotional expen 
once nndouhtwlli are dcructl from the same «ources ami nc\er beeoBie 
cntireli independent of thoir primitiie prototipos Viitonomic reactions 
therefore, pln\ a part both m «env)n expcncnces and emotional expr^ 
Sion 'Ihc autonomic s\stem thus exerts a significant mnucnce in tJie 
d)nnimcsof the psecluc life (son \\s’‘s, JplT) 

The hv^iothalnimc ucetral mcchani’msv like other sulicortical one» are 
subject to mluhitorx influences emanating frrtm the cerebral cortex but are 
capable of imlcpendcnt nctiMle mconformite with certain definite reaction 
patterns Such actn its in the Inpotlmlainus and the thalamus phi’s an 
important rok m the inxohmtma control ol Imth «omntic and xiscera 
functions such as bmlih posture facial expression gnstro-intestmal^nus 
etc During emotional stress the subcortical mechanisms imohed are 
relatncl) friv from cortical control, consequenth, their influence m bot 
somatic and x isccrnl functions is cxnmcrnted In the somatic realm this 
results in the postures and facial exp^c^slons characteristic of the xarious 
emotions In the x isccrnl realm it results in functional disturbances m 
X arx mg degrees, depending m n large measure on the nerx ons constitution 
of the indixidunl Although specific x isccrnl reactions prohablx 
usinllx dircctlx correlated with specific psxchic or emotional states (Ueo 
nig, 1 ischer and Bcrmger, 1930), the xisccral disturbances, under norma 
conditions, constitute an essential part of the emotional picture but in 
manj instances they become exaggerated to the point of positixe xiscera 
disorders ,, 

The mdix idual with a stable and well-disciphned nervous sxstem 
to suppress the outxxnrd expressions of emotion m o high degree i 
visceral responses to emotional excitation ran) be intense rooraentan j 
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but thcv usually do not result in serious visceral disorders. Persistent 
disorders of visceral functions due to emotional di^bances occur most 
commonly in association with ps^'chic or nervous instability. Tbe> are 
none the'^less real and, since they are' mediated tbrougb the autonoimc 
nervous system, they are not subject to direct voluntary* control and persist 
as long as the autonomic h\T)erstimulation prevails. Treatment of the 
visceral st.Taptoms without reference to the emotional cause, therefore, 
must be regarded as futile. On the other hand, if the patient can be 
restored to emotional equilibrium, the rdsceral disorders of emotional origin 
soon subside. 

Endocrine Disorders.— Chronic Adrenal Insufficiency (Addison's Disease). 
—Chronic adrenal insufficiency, first described by Addison m 1855. is a 
relatively rare disease which usually develops in the third or fomth decade 
of life. It is characterhed by adynamia, gastro-intestinal disturbances 
(constipation alternating with diarrhea), pigmentation of the sl^ and 
mucous membranes and low blood pressure. Body temperature is often 
subnormal, particularly in the later stages of the disease. 

Tuberculosis involving the adrenal glands has been found to be the most 
common cause of this disease. Simple atrophy, chronic interstitial inflam- 
mation resiiltmg in atrophy, and malignant disease invading the adrenal 
capsules or restricting then blood supply due to pressure also have been 
recognized as causes of adrenal msufficiency. In a certain number of 
cases, the adrenal glands show no lesion but adrenal h^-pofunction is 
brought about by pressure, inflammation or degenerative changes involving 
the celiac ganglia. 

IMiile the stmiptom-complev associated with adrenal insufficiency rests 
on a subnormal output of adrenin. some of the dominant manifestations of 
the disease, e. g., the gastro-intestinal disorders and low blood pressure, are 
directly referable to a fimctional autonomic imbalance. Kot infrequently 
the dominant symptoms indicate general depression of the sympathetic 
nerves. 

Degenerative lesions invohing the adrenals result not only in diminution 
of the functional tissue but also in impairment of the secretory fimction 
of the nerre fibers supplying these glands; consequently, the remaining 
secretory tissue is deprived of its normal stimuli. Diminution of the 
adrenin output in turn results in lowered sympathetic tonus. The low 
blood pressure, subnormal body temperature and asthenia associated with 
adrenal hypofimction are symptoms of sympathetic hypotonus. 

Certain of the older investigators attempted to explain the excessive 
pigmentation of the skin, which occurs as an inconstant symptom of 
adrenal insufficiency, on the basis of distiubed autonomic function. l^Iost 
of the data available do not support this theory. On the basis of a critical 
study of the anatomy and physiology of the pigmented portions of the 
skin. Boiy,- (1926) advanced the opinion that the basal cells of the stratum 
germmativum act in close correlation with the adrenals and that, under 
certam physiologic conditions, the skin either produces adrenin or stim- 
dates the adrenals to secrete. He regarded the excessive pigmentation of 
the sffin m adrenal msufficiency. as the resdt of overproduction of melanin 
by the skin in its attempt to compensate for adrenal htpofunction The 
implied correlation between the skin and adrenals probablv is brout^ht 
about, at least m part, through the autonomic nerves. * 
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in small doses increases liver mitolvsis, prcsumahlj due to increased cell 
pcmicalnlitv Drcsil (1029), furthennorL, advancetl c^pinmental data 
on the basis of winch he concluded tint the active apuit circiilatinp in the 
lilood of patients witii cxophtlinitnic j,oiter is far more active tlian nnj 
known thvroid preparation Aiib and his associates (1020) also have 
shown that the incrcaswl tissue pcnmabihtv and associated increased 
inctahohc activitv m exophthniinie fioiter piticnts ri'sult m a negative 
calcium halatice All these findings stronglv sugge^st llic existence of a 
paraavinp ithc tie status as dc fiuetl bv Pete rM n and Ix,v iiwm (Chapter \\) 

'ihc dominant svmptoms of hv|H.rthvro)dism, including tachvcardta, 
exophthalmos dilates! jnijnls. iierHjnnitton and ditninisheil gastric secretion, 
indicate svanpitlutic ovcrstunulation 'llie autonomic nervous svstem, 
consc'quciitlv , plavs an inuxirtaiit rt»lt not imlv m the imderlv mg plivsiologic 
state of the bo<Iv lull al*>o in the svnnptouwaimplcx ass<)eiatc<l w ith hv-per- 
thvroidism The nervous factors imdouhtisllv mint grt iter consideration 
in the treatment of this dwase than iisuillv has lietii nccordwl them since 
the autonomic dvsfunetion ae^ocintesl with the ihse esi m turn afTccts the 
thvroid gland unfnvonihlv ^flnHurcs whieli tind to restore the autonomic 
functional halnnce therefore ttiid to rtmovc one of the chief sources of 
irritation of the tlivroid gland 

Parathyroid Disease —Xitssalc and (icnerah (I91X)) first cnlicil attention 
to a relationship between parath\roi<l extirpition and the svanptoms of 
tetanv which follow the removal of those glands in certain animals Para- 
thvroidcctomv also gives riM? to svmptoms of tetanv in man Trans- 
plantation of parathvrouls or in)c'<^tion of pamthvroid extract nmehomtes 
the svmjitoms and sometimes cures tetanv Tiie mctalxihc disturbances 
following paratluroukctoinv stronglv su^geat that the patathvrmd hor 
inonc exerts an lufliuncc on the autonomic nervous svstem \ccortling 
to certain iiiv estigators it exerts an mhihitnrv influence on the svmpatiietic 
nerves and adrenals Parathvnud tetanv nmv he nl)orte<i in ecrtain cases 
bv extirpation of the adrenals On the other hand active svanptoms maj 
be brought on hv injection of ndrenm in ca«es of latent tetanv The para- 
thjToids al-o sustain an important functional relationship to the gonads 
ParathjToKlectcnnj is not follovveil bv tetanv in castrated animals Sub- 
sidence of the svanptoms of tctnnj m parnthvToidectomizcd animals, 
following castration furthermore, has l>eeu rcportcil The administration 
of parnth> roid extract produces n fall m blood pressure m normal animals 
Excessiv e or prolonged administration of this extract produces a x erv high 
calcium and phosphorus content m the blood serum and evcntualb results 
m convulsions and death 

The mcclinmsm of parathjToid tetany is not fullv know*n On the h-^ 
of nn experimental mv estigation carnovi out on dogs, est (1935) adv anced 
the opinion tliat a circulatoi^ factor acting peripherally upon some site m 
the muscles causes repcatotl contractions of indiv idual muscle fibers and 
electric hy^perexcitability He also demonstrated the neecssitj of intact 
spinal reflex arcs for the conversion of essential or fibrillarv tetany into its 
elaborate clonic and tome forms and the independence of these forms of 
tetany of impulses emanating from central nervous centers higher than 
the spinal cord i j t i, 

Hypophyseal Disorders —The hyTKiphysis is a complex gland wliicn 
produces multiple hormones and subserves a v ariety of functions, some o 
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which have no obvious relation to the autonomic nerves. The posterior 
lobe is innervated mainly through tlie hypothalamico-hypophyseal tract 
The anterior lobe receives some fibers from this tract but is innervated 
mainly through sympathetic fibers derived from the cavernous plexus 
Some of the functions of the hypophysis undoubtedly are influenced by 
nerve impulses but much of its secretory activity is regulated through 
hormonal agents quite independently of the autonomic nerves (see Chap- 
ter XVI) . , j • 

In view of the numerous hormones produced in the hypophysis and its 
complex interrelationships with other endocrine glands, including the 
gonads, hypophyseal dysfunction is expressed in a wide variety of dis- 
orders, including abnormal growth and sexual development, disturbances 
in carbohydrate and water metabolism, thyroid and adrenal dysfunction, 
adiposity, somnolence, etc 

Many investigators, particularly those of the French school headed by 
Camus and Roussy, have supported the theory that many of the disorders 
which have been attributed to h;^q>ophyseal dysfunction, such as changes 
in the osseous system, adiposity, diabetes insipidus, etc., even though 
“associated with lesions of the hypophysis, are caused by hypothalamic 
lesions This theory is supported, for certain disorders associated with 
hypophyseal lesions, by the results of extensive experimental studies, out- 
lined in Chapter IV, of the effects of experimental lesions definitel}’^ local- 
ized in various parts of the hypothalamus. 

The relief of disorders such as polyuria and obesity, in certain cases, by 
the administration of the appropriate hypophyseal hormones does not 
prove the independence of the hypophyseal dysfunction of a causative 
lesion in the hypothalamus On the other hand, the results of certain 
experiments, particularly those reported by Smith and Engle (1927), in 
which transplantations of anterior hypophyseal tissue in immature mice 
and rats rapidly induced precocious sexual maturity strongly suggest that 
sexual precocity may result from hypophyseal dysfunction which is not 
necessarily related to a neural cause Transplantation of anterior hypophy- 
seal tissue in sexually mature animals also elicited marked reactions m the 
gonads and other genital organs. 

In the experiments of Smith and Engle, the direct influence of hjqiophy- 
seal hormones on the gonads and through them on the other genital organs 
was demonstrated also by the effectiveness of anterior hypophyseal trans- 
plants m castrated female and male animals. The effects of such trans- 
plants were not diminished by extirpation of the thyroid or adrenal glands 
Transplantations of endocrine gland tissue other than that of the anterior 
hypophyseal lobe neither retarded nor accelerated the development of the 
immature genital organs. 

HjTpophyseal tumors may give rise to diverse disorders Some of these 
can be accounted for most satisfactorily on the basis of increased hormone 
production due to hyperplasia of certain constituents of the gland Others 
obviously are due to the effects of pressure exerted by the tumor mass on 
adjacent neural structures, particularly the hypothalamus, or functional 
interruption of the hypothalamico-hypophyseal tract. 

Disorders Eeferable to the Ovanes. Our knowledge regarding the relation 
ot the ovarian hormone to the autonomic nervous system has been greatly 
advanced during recent years, particularly by the results of studies in 
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to pTcopcraU\c routine, nml (?) pntjc/ib tutli JnpertJnTOKliim nho ha4 
not rccLi\pd iodine tl5cra|j\ , Biiiwnnpi r nnd btroiiu (1028) oWr\e<i 
no marked cimngc m the mctnliohc niU on the dn\ of operation m the first 
two proupa Imt a markcil not m the third Rfoup on the morninp; of the 
expected operation 

'Ihc efTict of tlic emotions on the diitcativc functions is most striking 
Cannon (l^U) de«<.rif»eij instnnees of complete inhihjtion not onI\ of 
gastro-intestma! motiht> Imt also of the sccrctors nctiMt\ ofthcdigestnc 
glands m con'ietjncntt of (motional stress \fcntnl work s^ithout excite- 
ment according to pLlliougnc (1026). dots not mniicncc gastric secretion 
Miller, Ilergiim nnd Hawk (1020), honc\er, rtjiortetl marked dtsturhances 
of gastric secretion m students due to anxict\ o\er examinations Per- 
sistent worrs not infrtx{uenth results m indigestion I tar mav inhibit 
sah\nr\ gistric nnd p inert atic secretion The tntire digcstiNc procc5»3 
likewise, max be profountllx disttirlictl b> nntictx or distress On the 
basis of a stutlx of tbc jwxcinc and emotional factors in disorders of the 
tligestixt tract Mcl/atcr (1627) cstiinatctl that mie-tlnnl of the patients 
xxith tligcstixc dwmlers Imxc no ncognirnble organic disease but are 
sufTenng bctaitse of lack of emotional balance 

Instances of thgestixe disorders due to emotional stress could be multj- 
pheti mdcfinitclx 1 motional extitcment tloos not result m comparable 
digcslixc disortiors m nil peroiis Tlic gastro-intcstinnl reaction to an 
emotion m a large measure, depends on the functional condition of the 
nutonomio ntrx ous »x stem, the endocrine glands and the acid b isc balance 
Accorthng to I uedtrs (192S), "the gastro-jnt(s>tinnl reaction to an emotion 
persists oiiK as long as the original object causing the emotion is present 
In othtr xxords, tlie xisocral (xprcssion of an emotion ceases when the 
emotion IS changtx! to an ahnonnnl sxndrome or mood” The normal 
autonomic nerxous sxsttm tends to maintain normal gastro-intestmal 
function cxen though a <lnminant cmotiomlism has liccome habitual 
follow mg the remox al of the cause of (he enotional reaction According to 
Luctlers, manx patients willi psx chores exliihit normal or increased gastro- 
intestinal function He uswallx found no dcprission of gnstro-mtestmal 
motilitj or secretorx actixitx m psxchoscs except when associated vnth 
somatic disorders or when the patient txhihittal autonomic dj'sfunction 
According to his findings, gostro-intcstinal function is increased m psx chotic 
patients of the x agotonic tx pe 

In a roentgen-rax studx of gastric rootihtx during emotional excitement, 
Todd and Howlands (1930) descnlied characteristic patterns of gastric 
ncti\it> XX Inch art correlated xxith the external rnamfestations of autonomic 
stimulation When these external manifestations were suppressed, the 
pattern of gistric nctivitx became markedlx changed After a period of 
training, certain definite gastne responses could beexoked b> appropriate 
psj chic stimulation 

In most cases of impaired digestion due to emotional excitement, the 
sxinptoms referable to the digestixe organs are caused b\ inhibition of 
gastro-intestmai motihty nnd secretion of the gastric juiccs due to svan 
pathetic stimulation According to Stokes nnd Pillsburx (1930), emotions 
m general and depressant or unpleasant emotions m particular exert 
chiefly an inhibitory effect both on gostro-mtestinal motihts and secretory 
activity Gastro-mtestinnl hyperactivity due to emotional stress, though 



EMOTIONAL DISTURBANCES OF VISCERAL FUNCTIONS 475 

not unknown, is less common and, in most cases, less persistent ^ In these 
cases, the sjmiptoms may be caused either by sjunpathetic uihibition or 
parasjTupathetic stimulation 

Mucous colitis probably is invariably associated with sacral par^^- 
pathetic hyperstimulation. Certain physiologic and pathologic conditions 
may be regarded as predisposing factors, but the most common cause of 
this disorder is emotional tension. The three emotions with which mucous 
colitis is most commonly associated, according to "^^diite, Cobb and Jones 
(1939), are anxiety, guilt and resentment. Preoccupation with personal 
problems tends to prolong emotional tension and, consequently, the para- 
sympathetic stimulation, leading to a chronic state of colonic irritation. ^ 

Gastro-intestinal neuroses, according to Menmnger (1937), are primarily 
emotional They can be adequately treated only as the dynamic aspects 
of the personality of the patient are understood Therapy directed toward 
the stomach or intestine usually is ineffective. Rational therapy in these 
cases must be directed toward the total personality of the patient. 

The s:^Tnpathetic nerves supplying the heart and blood vessels, unlike 
those supplying the digestive tube, convey not inliibitory but excitatory 
impulses The excitement which inhibits the digestive processes, conse- 
quently, results in increased heart-rate and rise in blood pressure. The 
increased pressure is produced by the force propelling the blood into the 
arteries and the resistance to the outflow from them. Since sjnnpathetic 
impulses both accelerate the heart-rate and constrict the arterioles, they 
bring about increased blood pressure by affecting both factors positively. 
The effect of even moderate excitement on blood pressure is unmistakable. 
As reported by Gallavardin and Haour (1912), the slight excitation incident 
to taking the blood pressure, in many cases, is sufficient to cause a rise of 
25 to 35 mm. of mercury in the systolic level. In their experience, the first 
systolic reading was usually higher than those taken later in the same 
subject Schrumpf (1910) reported a case in which fear of a serious diag- 
nosis caused a rise in blood pressure of 33 per cent "V\Tien reassurance 
was given, the blood pressure promptly returned to normal. Fright, anger 
or pleasure, in extreme cases, may cause a rise of 90 mm. of mercury 
(Cannon, 1928) 

In cases of so-called '"soldier’s heart” the slightest excitement or emo- 
tional stress usually results in a marked increase in the pulse-rate (130 to 
150 beats per minute). The emotional stress incident to war may result in 
such sensitization of the sjunpathetic control of the heart, in these patients, 
that even mild stimulation produces extreme effects (Cohn, 1919), 

In an experimental study reported by Bond (1943), in which changes in 
the cardiac rhythm in unanesthetized cats and dogs, startled by short, 
unexpected noises, were recorded electrically, it was found that these 
animals normally respond according to complex patterns of sudden high 
rises in heart-rate, beginning immediately after startle, followed by a 
sharp fall, a second rise of variable height and thereafter several undula- 
tions in rate until the response is terminated in two or three minutes. The 
response to adrenin appeared only after twelve seconds The cardio- 
vascular responses to startle in dogs with the vagus and depressor nerves 
sectioned and the adrenals excluded were essentiallj" similar to those of 
normal animals. Following section of the cardiac accelerator nerves and 
exclusion of the adrenals in both cats and dogs, startle was promptly fol- 
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l(A\cd 1»> MiRus rcstiUmg m moderate tnrdinc ficcHcratJon 

'IhiHt results Hup^est tint profound curdioxosculnr disturbances mav 
result from emntionnl cxcit'ition t\cn m normal individuals and that the 
cardwntsculftr rtsjKmses art, mc<lmted mamlv through the sj7np'iflietic 
ner\ cs 

1 motional <!isturhunccs tend to mcitasc the output of sugar jn dml>et!c 
patients In mnn\ <if them the degree of dmlwtes txhihited tends to varj 
m response to ner\<«is and cmottoiml mflutnees I motional disturlnnws 
not mfrc<jucntl> arc ntcompinietl h% low sugar tolerance and actual 
In perglv ccmia c\ on m the absence of dmlictes On the Imts of quantitative 
ilctcrmumtums of the hlood sugar m students licforL and after participation 
m mtcrcolleginte athlitic contents and scholastic examinations, Cannon 
(1915) piimtcd out that emotional disturbances cxirt a strong influence 
tending to bring nlmut hv pcrgl>ctmin m nonnal individinK Inasmuch 
as the WikkI sugar is rtadiK mcrciLsc<l bv svmpitlu tic stimulation, it mav 
lie «ssurnc<l that this mfluenoe of emotional stress i< exerted through the 
sv mp ithctic nerv cs Although it is not clear that diihctes can l»t initiated 
through such svmpithctic stitmtlation alone, the availahle data show 
cltarlv that nn\ existing dnlietcs max l>c aggravatetl bv emotional stress 

1 motional disturb mt'cs mav also profoimdK afTcct the vi*.<xral organs 
thrmigli influences on tlie thvroid gland Maranon (lOJJ) reported an 
extensive scries of ca-ses <if bjpcrtlijfoidism brought on bv emotional 
stress during w ar 1 hat psv chic and emotional disturbances arc important 
etiologic factors m hvpcrlbvroidism, m manv cases is a fact of common 
clinical obscrv ation Anv severe or uimetustnmed emotional shock to the 
patient, furtlicnnorc mav aggravate the svanptoms m a mild case and 
com ert It into a sev ere one I atent or potential cases of h\ pcrthvToidism 
mav Iw transformed into active cases bv varvmg degrees of emotional 
sliock \ltliough the thvroid gland cells arc not innervatctl dirccllv 
svinpathetic stimulation prohablv is a factor m producing the increased 
thvroid hvperactivit) Tlic dominant symptoms associated with the 
disease also suggest the existence of autonomic dv sfunction 

AInnv other visceral di«orflers broiiglit alxuil bj the effect of psvehic 
and emotional disturbances txcrtcil through the autonomic nervous svstem 
might l>o mentioned r g disorders of menstruation lactation micturition 
perspiration etc Indeed, cver> visceral function is subject to influences 
cxertetl bv psv clue and emotional states through the autonomic nerves 

The reactions of the visceral organs to an emotion maj be regarded as 
the Mscoral contribution to the complete emotional state Impul5»es 
emanating from the central autonomic centers m response to emotional 
stimulation result m the excessive discharge of adrtnm and other hormones 
into the blood and the hbcrntion of sugar to such an extent as to cause 
transient glvcosurm Lncrgv is thus supplied for the rau'^cular exertion 
which maj be calie<l for m possible phvsical combat or flight, particular!) 
in emotions like fear, anger or rage Under existing social conditions this 
autonomic defensive mechanism, in a large measure, is held m restraint 
It has been assumed bj some {Lueders, I92S) tint repeated activation of 
this mechanism, if unsatisfied b> instmctiv e expression may result m an 
irascible or a fearsome disposition Thus the visceral reactions to emo- 
tional stimuli, particular!) m individuals with an unstable or hvpenr- 
ntable autonomic sjstem, would contribute to the causes of affective 
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disorders. Cannon and his associates, however, have shown that the 
discharge of adrenin is increased by muscular activity. The visceral 
concomitants of emotional excitement also persist for some time after the 
stimulus has ceased to act. On the basis of results obtained in animal 
experiments, Cajinon and Britton (1927) attributed this to the continued 
discharge of adrenin due to the emotional excitement and its expression 
and emphasized the importance of limiting the expression of strong emo- 
tions, such as fear and rage, in order to avoid a persistent state of disquiet. 

In view of the important role of the autonomic nervous system in visceral 
disorders, it is reasonable to assume that autonomic dysfunction, under 
certain conditions, may precipitate or maintain abnormal affectivity ^ On 
the basis of an extensive study of gastro-intestinal reactions to emotions 
in patients with psj^choses, Lueders (1928) advanced the opinion that 
protracted chronic emotionalism and morbid moods affect the visceral 
functions less and less but exert their greatest damaging influence at higher 
levels. The mental and moral faculties, consequently, become impaired 
and dominated by uncontrolled emotionalism, obsessions, hallucinations, 
etc Similar opinions also have been advanced by other investigators. In 
view of all the data available, psychoses cannot be regarded as merely 
abnormal functioning of the brain or central nervous system. They repre- 
sent changes in the entire individual. Even under normal physiologic 
conditions, it may be assumed that the mind is influenced by the entire 
body, consequently, psj^chic processes are not limited to the cerebral 
cortex Affective behavior must be regarded as a function of the whole 
organism. The emotional life of the individual is determined in a large 
measure by the functional reactivity and balance of the autonomic nervous 


system. 

Autonoimc Factors ui Psychoses.— Definition.—The psychoneurotic indi- 
vidual is one who is usually unable to achieve complete resolution of a 
tension or impulse without anxiety or inhibition and to execute the appro- 
priate response, despite his possession of adequate equipment for successful 
mastery Psychoneuroses probably invariably are associated with auto- 
nomic dysfunction in some degree. Flynn (1937) advanced the opinion 
that problems which can be surmounted by the neurotic give rise to 
emotions in which the predominant physical manifestations are due to 
sympathetic stimulation and problems which cannot be surmounted give 
rise to emotions m which the predominant physical manifestations are due 
to parasjmipathetic stimulation. Bieber and Tarachow (1941) regard this 
concept as significant but prefer to think simply in terms of autonomic 
excitation and inhibition. According to their point of view, there is no 
advantage in attempting to correlate the specific nature of the problem 
with the specific autonomic sjmiptoms. Any impulse or situation which 
cannot be normally mastered must give rise to some expression of this 
failure of mastery in the autonomic integration The specific autonomic 
sjTuptoms vary from individual to individual. For example, failure of 
mastery m similar situations may be accompanied in one individual by 
diarrhea, m another by salivation, in another by coniunctival congestion, 
etc. flhese differences may be related to constitutional factors or physio- 
logic states prevailing at the moment which not only play a part in 
de croming whether m^tery shall fail in a given instance but also in 
determining the nature of the autonomic response. 
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Schizophrenia —In n studj of mitonoTnic mteprntjon in sclnrophrenia 
in mIiicIi tlic nntonoinic stntiw vfts clctcnnmrd bj stati'itical analysis of 
the orpnnic findmps in 120 patients, WicinKold (1030) found tlie tendency 
to^va^d a lou ox^gcn consumption rate to be the most notcuortlij abnor- 
mabt\ A state of general h\ pometalxilism ^\as prevalent in tlicsc patients 
as indicated bj low blood pressure, a sliglit increase in the cholesterol 
content of the blood, low nonnnl carlmii dioxide combining power and 
secondarv anemia Uhc low ox\gcn eonsiimptinn rate probnbU due to 
faiiltj regulation of cell respiration, appears to be an integr^^l feature of the 
disease Ihpothjrouhsm was present m a high iM.rceritngc of the cases and 
probabK represents a factor in the patliogenesis of sclu/opbrtma This 
concept IS not inconsistent w itb the fact that sehirophrenics do not respond 
to thjToid feeding, since the tbvroid hormone appears to net through 
bjpothalamic mccbanisiiis the dvsfunction of which, in thci»c patients, 
probabK is a causatn e factor in the h\ pothv roid state 

Fpde 2 ^Yi/ —The evolution of tbt epileptic siinirc exhibits three phases 

(1) the phase of prodromes or auras pncexlmg the loss of consciousness, 

(2) the seizure pnipcr, attended bv loss of consciousness, and (3) the phase 
of recovers All of tliC'C phases arc ntteiide<l b\ imrke<l disturbances m 
autonomic functions 111030 observed in the first phase include vaso- 
motor, pilomotor pupillarv, sccrctorv, cardiovascular visceral metabolic 
and emotional changes 'Ihc second phase, during which manifestations 
of widespread svinpatlictic stimuhtion arc prominent is csscntiallv a 
catabolic phase llie licightened vasoconstrictor tonus in the peripheral 
areas, including the central nervous sv stein, results m cliamctcnstic pallor, 
gradual!) giving wav to a liliish or franklv cvnnotic du'^coloration of the 
face, witli distention of the veins of the neck anil forehead Tlic bodv 
temperature is clcvatc<l without relation to the •^oventv or duration of the 
muscular spasm Marked pilo-ertctionnl«o is evident Ihesc manifesta 
tions of svanpithctic stimulation arc most evident during the cariv part 
and at the acme of the seizure Ihc third phase, or phase of recover), is 
esscntiallv an anabolic phase, clmnctenzcil bv cholinergic entrg) restoring 
activitv and recoverv of the cerebrospinal functions wbich were m nbev 
once during the seizure Pansvmpatlictic stimulation is evidenced b) 
contraction of the pupils, sabv ntion rctnniation of the cardiac rhv thm and 
not mfrcqucntlv bv evacuation of the urinarv bladder and the rectum 
Cholinergic stimulation is further indicated bv penphem! vasodilatation 
profuse perspiration, a fall in blniKl pressure and a return to noniial bod) 
temperature 

Epileptic seizures probabl) have tbcir origin m central autonomic 
centers Morgan (1930) advanced the opinion on the basis of eviicri- 
mental and anatomical studies, tint cpilepsv fnquentK is related to 
chronic degenerative changes m the hvpotlulamus Epileptic seizur^ 
also are more frequent symptoms of tumors in the v icimtv of the hvpothal 
amus than of tumors located in anv other part of the brain Epileptiform 
attacks, furthermore, ma) be induced bv a sudden increase of pressure m 
the third v entncle 

The circulator) disturbance in the brain undoubtedlv represents a 
fundamental factor m the causation of the conv iilsions during the epileptic 
attack This conclusion, based on abundant clinical observ ations, is also 
supported by direct observ ation of the spasm of the cerebral v essels during 
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the seizure Changes in the CO 2 content of the blood as it affects the 
caliber of the arterioles and capillaries, the acid-base^ balance and the 
respiratory exchange, all of which play significant roles in the phenomena 
of epilepsy, also are closely related to the responses of the cerebral vessels 
to sympathetic stimulation. The only constant phenomena in epilepsy, 
according to Orzechowski (1937), are the vasomotor manifestations in the 
pial and cerebral blood vessels. 

The hj^pothesis that cerebral vasoconstriction plays a role in the causa- 
tion of epileptic seizures is supported by both clinical and experimental 
data Foerster (1926), who observed the brain during intracranial oper- 
ations while the patients were undergoing convulsive _ seizures, reported 
that the brain shrinks and then expands enormously with cyanosis of the 
pia mater. Spielmeyer (1930) reported histologic evidence of recurring 
vasospasm in the brains of epileptic patients. Jackson (1931) reported 
constriction of the retinal vessels during an epileptic seizure. 

Penfield (1933) reported the arrest of visible pulsations of the arteries 
of the brain, which usually was wide spread, as the most constant vascular 
phenomenon associated with convulsive seizures induced by electric stim- 
ulation of the exposed surface of the brain during intracranial operations. 
In 4 of his cases the arrest of arterial pulsations was limited to a circum- 
scribed area around the point of stimulation. The epileptic brain, accord- 
ing to Penfield, "is subject to vasomotor reflexes which have never been 
described in the normal brain ” Inasmuch as sympathectomy failed to 
abolish epileptic seizures in certain of his cases, he concluded that the cere- 
bral vasomotor spasm m these cases involved vasomotor reflexes which 
probably are not subserved by autonomic neurons located outside the 
cranial cavity. He advanced certain 'data which seem to support the 
hypothesis that some of these reflexes are subserved by neurons located 
along the cerebral vessels and by a local vascular nerve plexus which, on 
the basis of histologic studies, he has reason to believe is significantly 
increased in some cases. He advanced the opinion that "where such a 
lesion exists, excision of the local scar with its vascular plexus is at present 
the most effective way of abolishing these malignant local reflexes ” Con- 
clusive evidence of the existence of local reflex mechanisms along the 
cerebral vessels is not forthcoming, but focal constriction of cerebral 
vessels due to local lesions undoubtedly occurs (Cobb, 1938) . This phenom- 
enon cannot be abolished by interruption of the cervical sjmipathetic 
trunks but may be corrected in certain cases by excision of irritable areas 
in the cerebral cortex (l^fliite and Smithwick, 1941). Measurements of 
the flow of blood in the jugular vein before, during and after epileptic 
convulsions, reported by Gibbs, Lennon and Gibbs (1934), do not indicate 
widespread ischemia of the brain preceding or during the attack. In certain 
cases carotid sipus reflexes probably play a role in epileptic seizures (Mari- 
nesco and Kreindler, 1935). 


Autonomic Factors in Headache. —The term, headache, as commonly 
used, may designate any one of a wide variety of aches and pains localized 
in the head. These sjanptoms are commonly associated with abnormal 

of the cerebral blood vessels (Northfield 
rvSm headaches^ of intracranial origin, according to Pickering 

(1939), are associated with tension around the intracranial arteries as 
may occur when these arteries dilate. Tension around the venous sinuses. 



482 


TiiF Auro\o\ric Ar/?ifJtAs ‘fj sr/ v /a 


hmb, follox^mjj injcctjon of one of the rIjovc solutions sliows no market! 
mliictjon in tlie mimbcr of Icukocttis nithonjrh the rest of the pcnphenl 
iirtn cshihits Itukopcnm I his fntt stroiiRls supjwrts tlie theory that the 
(listnhution of liukoc'tts iHfr^iiIntnl through the autonomic nerves 

Data obtained b\ Mulkr (lOiO) in two eases of insulin shock in dnl)ctjc 
patients indicitt tfmt nhi/e the ptrip/urif vessels arc (hfattsf, the numficr 
of Icukocvtes in the pvriphcml I)h»od is imrktsllv incm'tetl ilie water} 
perspiration prodiicwl thirmg this interval nlv) mdicatos increased tndo- 
tlKln! pcnutabditv In tliesc cases tin Itiikocv tes m the fieriplieral blootl 
readied lOOOf) and 28 000 resjKttivdv in less tlnn fifteen minutes and 
droppe<l to 7 0(X) the Itvtl which obtnimsl iK-fort insulin tmlment m 
less than ten ininntts following the ndiniiustmtion of glucose hv mouth 
SiimiUniKsmslv with the deertast of Icukocvtes in the penphenl Mood 
the nlanning svnnptoins proilucerl bv peripheral vasorlihlation subsided 
thus showing tint umler thesv conihtmns the Itukocvtt curve runs paral 
leJ with tin nutonmme status at the ptriplicn In a further experimental 
studv \fri!ler showe*! tint gtncral peripheral sasoiMatation is accom 
pnincd bv svanpuhetic livptrtomis in tbc splinclmic region fliese data 
not onlv support the theorv that (hedistrilmtion of Icukocvtes is regulated 
through tlie autonomic nervous svstem but also iiuhcnte that cndothehil 
pcrmeabihtv isino<!iried bv autonomic nerv t impulses 

TIio observation of Martin (I03J) tint c\crci^^e results m o marked 
inert ast in the numlicr of leukiKvtes in the pcnplicral blooil and that of 
Morms (lO'l'l) tint ctrvical svanpathcctomv is folJovvwI hv leukocvto<is m 
the afTectcvl a^a ire in full acconl with Mfilhrs findings In the counts 
made hv Monas tht polvanorphomiclear Icukocv’tcs showed a marked 
mcaast whereas tlit other wlute cells shovvcsl no appreciable change w 
nuudiers Voeorrhug to Ilocsfir tht administration of ntropmc or 

cilcaun results in a change m tht white hlootl picture of normal men m 
favor of the mutrophils wherc%s the ndmmistntion of pilocarpine or 
chohn rt suits in a change in favor of thclvinphocv tes llie ndministntion 
of ndrtnm in lus tx^Kinments, rtsuUcvl in the cspectevl neutrophilia being 
innrketl bv a pncetbng increase in tht Ivinpliocv tes 

In a studv of the wlute cell changes umlcr a varictv of conditions (infec- 
tion vigorous txtrcist prvgnnncv dmlittic ncidosis, ttc) Hoff (I92S) 
found not onlv that the thstribution of Icukocvtes w subject to nervous 
rtgulation but oImi that the variations m tht blood picture are clos'd} 
correJ ited with other manifestations of changes in the functional bdance 
of the autonomic nervous svstem particiihrli variations m the acid base 
balance He also mamtaimai that the output of mvciocv’tts bv the bone 
marrow is increased bv cxpenineritnl svmpathetic stimulation, while vagus 
stimulation results m rtlativc Kinphocv tosis According to Ilosenow 
(1928), stab wounds in the corpus striatum and bvpothihmus cause 
neutrophilic Iciikoev tosis but tlie temperature and blood curves do iwt 
necessanfv nm parallel In expenmenfs on human subjects reported bj 
Mobsidlo (1935) diatbennic stimulation in the region of the third ventnde 
resulted m Icukojiema characterized bv marked reduction in the number 
of polvanorphonuelenr neutrophils and little change m the numbers of 
other wlute cells 

According to IVtersen and Muller (1930) practicaUv even insult to the 
organism is followed bj rlivthmic changes m the functional actnifv of 
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tlie organs, as is indicated by the leukocyte count and the chemistry of the 
Ijmiph. For example, in their experiments carried out on dogs, Krternai 
pressure on the eye sufficient to cause perceptible reflex cardiac ini^ibition 
applied for four minutes with repetition after five minutes was followed by 
a period of approximately seventy-five minutes during which the leukocyte 
count remained relatively low while the protein and calciuin contents of 
the IjTnph were increased. After this, peripheral leukocytosis set in and 
the protein and calcium contents of the Ijonph were diminished. When 
ocular pressure was applied for two minutes and repeated at one-minute 
intervals, peripheral leukocytosis set in immediately with diminution in 
the calcium content of the lymph. 

The results of experiments reported by Beer (1939) indicate a significant 
role of humoral transmission in the autonomic regulation of leukocyte 
distribution. In rabbits joined together parabiotically in pairs so that the 
peritoneal cavities were connected and only humoral transmission from one 
member of the pair to the other was possible, differences in temperature 
and in the numbers of white cells in the peripheral blood disappeared The 
rhythmic changes in the numbers of leukocytes also became the same in 
both animals Nerve stimulation which elicited leukocytosis in the animal 
to which the stimulus was applied resulted in a corresponding leukocjdosis 
in the parabiotic partner 

Splanchnoperipheral Vasomotor Balance During Chill and Fever. — In a 
clinical and experimental study, Petersen and Muller (1927) found that 
the functional balance of the splanchnic and peripheral autonomic mechan- 
isms plays an important role m the sjTnptoms of infectious diseases, partic- 
ularly the chill and fever. Examination of the skin of a patient in a chill 
reveals pallor, pilomotor stimulation, transient perspiration and lowered 
temperature. The arterioles and capillaries are contracted The muscles 
exhibit tremor which varies greatly in intensity. These phenomena cannot 
be explained as the direct effect of a bacterium or the toxin produced by it 
on the peripheral tissue, but must be regarded as secondary effects of the 
toxic agent mediated through the nervous system 

The results of Schottmuller’s (1911) studies have shown that the chill is 
associated with the invasion of the blood stream by bacteria. He foimd 
that the chill was not caused by the mere presence of bacteria in the blood 
but takes place some time after the invasion (thirty to ninety minutes, 
depending on the individual and the type and number of organisms), i. e., 
when the organisms or their toxic products have made contact with the 
body cells. 


Muller and Petersen (1926) showed that the injection of bacteria, like 
the injection of peptone, salts, etc , results in profound alteration in the 
tonus of the blood vessels both in the peripheral and splanchnic areas, the 
splanchnic vessels being dilated and the peripheral vessels constricted. 
These diametrically opposite effects can hardly be due to the direct influ- 
ence of the same toxic agent on the vascular endothelium or the neuro- 
vascular elements in both regions. More probably, the tonic state of the 
blood vessels is determined by the effect of the toxic agent on the nervous 
system, the splanchnic vessels being dilated in response to cholinergic 
stimulation in that region and the peripheral vessels constricted in response 
to adrenergic stimulation in the peripheral region That there is increased 
cholinergic activity in the .splanchnic region during 'the interval of splanch- 
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me \n‘50(liliitiitum nl<?() js indtented b\ tlic nicrc'\«c<l production of hiTipfi 
^\ it\i the onset of tlic dull 1 hw Kinpli nnst'? in tlic sphncluuc region, as 
IS mdieutcd 1)\ its high prottin content {lVt( rsen eln\ , 1023) 

Pitersui nnd Muller (1027) niso iKunted out that shock fol!o\\ing per 
foration, acute pancreatitis, nuitt |>tritnnitiH indeed c\cr> insult to the 
pcritoncinn. such ns ordmnrN Inpnrotnnu, etc lends to nn alteration m 
the sphnchnopcnphtrnl autonomic Inlaiu'c with a redistribution of leiiko- 
c\tes resulting ni sjihticluuc leukotetenis In the txst of perforation the 
peripheral s\ inp itlu tie luul spInncliiiK piritss inpathctic orientation’ is so 
jironoune-ed tluil the i>o(u1mr “fatien*' inn\ Ik, ngardet! as more or less 
p ithognomoiue 

In u stud\ in\oU mg change's m thcsplnnelumjKripheral balance Arqum 
(1028) jKimted out a elcfinitt time nlationship liclwccn nltcreel tonus of 
tlie stoniaeli and alteration m the jK'ripheral leukoeetc count Uhen the 
gastric musculature nctualK iscontncting the peripheral Icukocstc count 
IS iiureiscd elunng pcruKls of gastric dilatation the peripheral blood 
exhibits rclaliM lenkojHnin On the basis of this finding, he suggested 
that m certain pathological cotiditKins which ineolsc chronic gastric 
congestion anil dela\ed thgestmii one should expect prolongeel gastric 
dll itation to mex t the pin siologicdigc'stnc requirements nnd, consequentK, 
n prolongesl peripheral leuko|Knia 

llu findings of Mniltr nnd Vetcr'en regarding the role of tlic autonomic 
iicr\ C'' ui tlic (listfiluitioii of the blood xohimc in tlic pe ripliem! nnd splanch 
me ngions is somewhat at \nrmnct with the so*enlled I)n.st^e•^^o^at law, 
ncconlmg to wliieli the exmci ntnition <)f the blood in the splanchnic region 
due to paraUsis of the vjihnclitiic xnsomotor meclmmsin ns has lieen 
assumed to occur ui shock ishalnnceel 1»\ cmptMogof the pe npheral blood 
xe^sils I)j(\ !m\t pointisl out that when n limb is depri\(xl of its vaso- 
motor mnervatum bv sMupitluctome, its hhxKl supple is not depleted, 
during shock b\ drainage into the bplanclmic region Tliev also have 
pointul tint til it the eluU is not nwmipmieil b\ panlvsis in thesphnelmic 
region but ou the esnitran be profound stimulation Tlic splnnchno- 
peripherd balance lias l>eceniie ‘fixtHl,’ eeitb tlie splanchnic nnd peripheral 
re gions oppoMte 1\ oriented I he e fTect of sucli fixation becomes apparent 
m the ihangc in IkmIv tonijicntiire t'omcidcnt with the onset of ngor or 
following It 

Contrare to the current tPichiiig tbev elo not admit that heat production 
due to muscle tremor plavs nnv part m the increase in bodv tempenture 
The produetion of heat naturnllv is nvsociated w itli nn increascel nietabolio 
rate indicating increased activitv of the splanchnic organs particularlv the 
li\cr \ccs>rdiug to Pcter^en and Alulltr (1027), all the measurable func- 
tions of the li\ cr are accclerateel during the chill Tliej found the output of 
bile nnd bile pigments incasim»bl\ increased both m patients and exper 
imental animals Ihe rcticulo-cmlotbcluim of the h\er nl»o takes^up fat 
from the blood m one-half the time normallv required (Jaffe 1927) io- 
creaseel permeahiliU of tiie capiUines nnd beer cells associatexi with this 
increascel ictieitj is evulcnccel bv the fact that hemoglobin injected into 

> Pjirnaynipitlietic orjontnOon i» iis«>d bv Peterson and MflHer is not restrieled to the 
function'll state induced by stimulation of the paras>mpathetic nerves alone but indicates 
tho functional state of organs in a regioa in which metabolism permeability blood supp y 
action currents etc are increased Sympathetio orientation as used by these authors 
denotes the converse condition vis tissue rest 
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the blood stream during shock passes into the Ijnnph at an increased rate 
and that bile pigments also enter the Ijunph stream 

In further support of the theorj-^ that muscular tremor plays no part m 
the production of heat during the chill and that the rise m body temper- 
ature is due to heat generated by increased activity of the splanchnic 
organs, they advanced the results of animal experiments in which a con- 
dition approximating the normal human chill was produced by the injection 
of suspensions of living B. coli Muscle and rectal temperatures were 
recorded both by means of clinical thermometers and delicate thermo- 
couples Constant leukocyte counts and observations on the Ijmiph also 
were made In no case in which an actual chill was produced did they 
observe an increase m muscle temperature, although there was a sharp rise 
in the rectal temperature during the same interval A comparable, but 
greater, increase in temperatm’e was noted in the liver. Not infrequently 
an actual reduction in muscle temperature took place during the rigor ' 
while the rectal temperature was rising This occurred even when there 
was no actual increase in the rate of heat loss at the periphery. An abrupt 
rise in temperature of the muscles was observed only at the end of the chill, 
usually when a coincident increase in the number of leukocytes in the 
peripheral blood indicated some vasodilatation in the peripheral region. 
On the basis of these results, Petersen and hliiller concluded that no 
increase in the production of heat takes place with the shortening of the 
muscle during rigor and that delay in the warming of the muscles, despite 
a rise in the temperature of the rest of the body, must be due to an auto- 
nomic fixation in the muscles which prevents the dilatation of the arterioles 
and capillaries 

The results reported by Petersen and Muller seem to indicate that pro- 
found alteration exists in the splanchnic and peripheral organs during the 
chill, brought about by the effects of a toxic agent on the nervous s3"stem 
which are exerted tlirough the autonomic nerves The splanchnic organs 
are hyperactive, while the peripheral tissues are relatively’ inactive. Per- 
ipheral vasoconstriction, due to increased sympathetic tonus, reduces the 
loss of heat from the skin The work of Petersen and Muller seems to 
indicate that a similar condition obtains in the skeletal musculature during 
the chill On this basis, the skin, muscles and peripheral blood vessels 
may be regarded as a unit in their responses to the altered conditions of the 
body. Muscle tremor, therefore, may be regarded as indicative of in- 
creased splanchnic activity and heat production in the splanchnic organs. 
Conversely, increased splanchnic activity may produce muscle tremor If 
the increase in temperature takes place gradually^ without the intense 
autonomic fixation apparent in chill, the tremor may not appear This 
probably ex’plains why ordinary fever usually is not accompanied by chill 
Autonomic Status of the Skm in Respiratory and Certain Other Infections.— 
In the general splanchnoperipheral interactions of the body the autonomic 
status of the abdominal and pelvic organs is opposed to that of the extra- 
peritoneal organs and tissues, consequently’, the autonomic status of the 
buccal and respiratory^ mucous membranes corresponds to that of the skin 
Under physiological conditions, particularly during bodilv rest, the abdom- 
md and pelvic organs are more abundantly supplied with blood than the 
extraperitonea structures During muscular exercise or increased external 
temperature, the autonomic status is reversed and the splanchnoperipheral 
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blood \olume rutio is ahiltcil m fa\or of tbe i)crjpbcral structures Wien 
tbc bocK IS exposed to low tcmpcnilWTcs jnrticulj\tl> in ibe absence of 
miisculnr oxtrcjst, pcnpbcrnl x asoconstnction takes place and tbe skm 
becomes rclatnelv isclicmic Since the buccal and rcspjratorj mucous 
membranes are similarlj oriented, tbe> also liccomc iscbcinic Accordm? 
to I^bmanu (1010), an\ measure which produces marked retluction in 
skm temptrature elicits reflex nasal capillars constriction and nn\ measure 
which causes marked delation in skm temperature elicits reflex nasal 
cupillnrx dilatation 'Ibcsc reflex reactions an not hmitcfl to tbe nasal 
mucous membrane lliei imdoubtc<Ux possess temperature regulating 
X nine 

Under ordinarj pbi-stolopical conditions, mfcctix e organisms are present 
on the skm and mucous membranes but, due to tbe local resistance infec- 
tion does not take place I’rolonpeil ischemia tends to rc<iucc tbe local 
rcsistanct and fax ora infection Hus is well illustratesl m infections of 
tbe upper re-spiratcirx pissagcs following exposure to low temperature or 
drafts Flint tbe rciliictioii in tbe local rcMstnnci. of mucous membranes is 
not a direct ifTect of exiKisure to cold is exidtnctxl bx tbe fact that d dur 
ing sucli exjxisurc, iicnpheral vasoconstriction is prexented b\ muscular 
nctixitx, infection does not take place On tbe other band respirator) 
infections not mfrexjucntlx take place in tbe absence of anx appreciable 
loxxcring of tlic temjKrnlurc of tbe mucous membrane bexond that which 
is directlx attributable In tlic local ischemia 

Other infections of tbe mucous membmnes r p herpes iluring fexer or 
conjunctixiiis occasionallx seen during a flare-up of a localiztxf pulmonarx 
tubcTCvdosis, uiwloubtcxllx arx. to lie explained on tbe same basis Thc> 
cannot lit repanied as part of the prmiarx infection but arise os a result of 
reduced local resistance due to tbe temponirx ischemia of tbe tissue Tbe 
txanthcras of tbe acute txantlumatous infections (scarlet fex er, measles) 
undoulitcdlx also become possible because tbe rcsistanct of the skin and 
mucous membranes to tbe circulating toxin is mlucrd due to tbe autonomic 
status at tbe pcripbcrx (l\tcrsen ami Muller 1010) Arsenical dermatitis 
following tbe admimstration of nrsphcnnmmc probabl) is to be explained 
in the same manner (Muller, Alctz and Mxers 1927) 

T.he reactions xxbicb «icr\c for tbe protection of tbe tissues when toxic 
substances bax c entered tlic skm or mucous membranes are characterized 
as mflammatorx and depend on the autonomic status of the tissue as such 
Since these reactions mx olx c local x asodilatation tbex are inhibited durmg 
the period of tbe general reaction to tbe infection xvhicli is characterized bj 
peripheral x asoconstnction loUoxxmg this period the tissues m the 
infected area become oppositclv oncntwl, local vasodilatation takes place 
leukoextes accumulate m tbe capillaries and infiltrate tbe tissues tissue 
metabolism is accelcrntetl and the local resistance is grcatlx increased The 
inflammator) reaction, therefore, differs onl) m degree from tbe normal 
pb> siologio response The direction of tbe change at tbe outset is tbe same 
m both eases 

Autonomic Status ol tbe Skin in Gastro-intestinsl Inlectiona —The more 
frequent occurrence of gastro-mtcstmal infections in warm climates and 
during hot x\ eather than under other conditions is a fact of common clmical 
exptnence During hot weather the cutaneous blood vessels are dilated 
more or less constantl) and tbe blood suppl) to tbe gastro-mtestmal tract 
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is correspondingly diminished; consequently, the local resistance of the 
gastro-intestinal mucosa is reduced. The bactericidal properties of the 
gastro-intestinal tract, particularly of the duodenum and upper jejunim, 
are materially duninished during periods of peripheral vasodilatation 
(Arnold, 1929) According to Petersen and Levinson (1930), exposure to 
heat and high humidity, both in man and animals, results not only m 
diminished gastro-intestinal secretion but also in diminution in the normal 
response of the stomach and intestine to food According to their account, 
bacteria which under normal conditions are killed by passing through the 
stomach and duodenum of the dog passed through these divisions of the 
digestive tube alive, in most cases, when the dogs were kept in a super- 
heated room Animals kept in superheated rooms usualb*^ died following 
the ingestion of meat poisoned with enteric toxins, whereas' animals kept 
at normal or lower temperatures survived. 

Man’s susceptibility to gastro-intestinal infection, not only by fully 
virulent pathogenic organisms introduced into the digestive tube but also 
by the normal gastro-intestinal parasitic flora, always is notably increased 
at times of high external temperature. According to Arnold (1928), the 
gastro-intestinal flora undergoes a change in character as well as in range 
with increasing external temperature; the lower intestinal flora invades 
the upper regions of the gastro-intestinal tract 

These changes do not necessarily depend on the actual height of the 
external temperature, but on the reactivity of the skin and the respiratory 
system at the time, as determined by their autonomic status The splanch- 
noperipheral imbalance usually is most marked at the beginning of the 
warmer periods of the year and when persons enter a tropical region from a 
colder climate Normal individuals usually are able gradually to become 
adapted to the higher temperatures Such adaptation involves a readjust- 
ment of the splanchnoperipheral autonomic balance This is of practical 
immunologic importance for tropical diseases as well as for a wide variety 
of ordinary gastro-intestinal infections. 


Pulmonary Disease. — Tuberculosis — As previously stated, lesions of the 
autonomic ganglia have been described following death from tubercu- 
losis. In an extensive clinical study of tuberculous patients, Deutseh and 
Hoffmann (1930) found parasjTnpathetic tonus predominant during the 
second and third stages of the disease The hectic flush so common in the 


later stages of tuberculosis, but which does not appear early m the disease, 
probably is an expression of cholinergic stimulation exaggerated during 
intervals of marked activity of the disease process. The relatively slow 
heart-rate often observed during periods of fever, as compared with the 
heart-rate in other diseases during periods of the same degree of fever, also 
indicates exaggerated parasjnnpathetic tonus. Wflien the tuberculous 
process im oh es the intestinal tract, the discrepancy between the observed 
pulse-rate and that which would be expected with the degree of temperature 
present is still greater. According to Pottenger (1917), an unusual slowing 
of the pulse-rate in the course of pulmonary tuberculosis, coincident with 
an increase in temperature of 1° or 2 ^ F., should be regarded as cause to 
suspect a complicating intestinal tuberculosis. 

• gastric hyperacidity which not uncommonly occurs relatively early 
m the course of tuberculous disease also is associated with exaggerated 
parasympathetic tonus The patient’s digestive powers may be above 
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par t\t first. cnnlilmK Inm to uIiIi7l rtlatj\tl\ Inrpt amounta of food Tlie 
mcrtascd Kostro-intpatuml assfKiatwl witlt the h\pcraci(ht> not 

infrapicntlv results m imtisea and a ttndcncN to \omjt In some cases 
tsapKemtid p iras\anpathctiL tonus also results ui spastic constipation 
During toxiinia in puhnoniirs tulierciilosis, ns pointc<i out b> Pottenper, 
sjanputhctic tonus is incrcastd dm to centml stimulation and the rrflcx 
tlTect of the mfiainnmtion in the lung consw|ucntl\, svinpathetic torms 
ma\ prwlonmmte As soon ns the ncutc toxemia sulwidcs ami central 
sMnpitlutic stmuihition is dimmishc<l or ceases a condition of rclatne 
parasMupathctic. Inportonus ngain obtains m the majonts of cases Tlie 
pititut s aj)|)ctitt IS impro\e<! and hisdigcHtisc jKmcrsnrt increased Asa 
rule the asMitmtcil gastric hj i><>nicidil\ h not suffititnt to cause discom 
fort sonu tunes it nctualK tanses gastric distress Digestion usuallj 
hecouies unpurwl more and more and sticsis and constipation l)Ccome 
more jironounetxl as the disease ndxances and toxemia and depressne 
emotional states bectimc more marked 'Hie gastro-intestinal ssanptoms 
commonU ohMrxcil during the later stages of tuberculosis arc less sug* 
gestnc of pansxanpathctic hvpertonus than those iisualU obscrsctl earlier 
m t\ie tsuirsi of tlie di«ca‘^ In those coses m which pirassinpathetic 
tonus clcarK predommates ilunng the later stages of the disease, it ma\ 
he <Uk as Stnmmlcr (1921) suggcstctl, to dtpression of the simpathetic 
tonus h\ the toxic cfTccts of mixed infection on the sMnpilhetic ganglion 
cells Svmpathetio atonx ncconling to Dcisz (1929), indicates an unfaxor 
able iiToguosis 

Ihe data prcsontisl alHi\c indicate a succession of chances m the auto* 
nomic balance during the course of tuWrculous disease which prohibh are 
in a measure comlittomsl b\ the con.stitntional lemltncs of the autonomic 
balance in the mdi\idunl 'I he work of Gla<er (1924) and Kading (1024) 
mdtc vtts parass-mpathctic. hxpcnmtahihtv m chrome tula, rculous patients 
According to Pende (192'j) if a tuberculous patient first exhibits ssinpa- 
tlittic h\ pcrirntabihtN and later parasympathetic In pcrimtahiliti a gra' e 
prognosis is mdicateil whereas if the patiinl cxliibits pnman parosnn- 
patlietic inpcnmtnbihtN the di'*easc mualK runs a rclitnels benign 
course On the hwis of an extensive stud' of tulicrculosib m children, 
Mcdowikov and fechenkmnnn (1932) have exprcssetl tlic opinion that 
tuberculosis usuallj runs a bemgn course m children who, according to the 
pharmneodj n unic criteria exhibit panisvmpatheticotonm whereas it 
usuallj runs a graver course in children who exlubit ‘‘jinpatheticotonn 
Ihcj reported that ncarlv all the children with tuherculoub meningitis a 
highly fatal disease, in their senes exhibited pamsympatheticotonia one 
or two weeks before death, as dettnmned b\ the pharmacodynamic 
criteria 

Pigalew and I pstein (1930) have advancetl experimental evidence in 
support of the theorj that both the character of the local tuberculous 
lesions and the progress of the infection are influenced bv autonomic nerv e 
impulses Organs winch have a direct neurolymplmtic connection with 
the central nerv ous sj stem also react more mtcnselj to local infection than 
those w hicli do not In their experiments, rabbits vnth abdominal tubercu- 
lous lesions sliowed increased capacity to combat the disease following 
section of both vagi below tlie diaphragm In manj instances, the lesions 
actuallj underwent regression *Kibv, therefore concluded that tubercu- 
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lous tissue which is freed from nerve impulses develops increased resistance 
to the infection This also is in keeping with the experience of laryngolo- 
gists that cocainization of a tuberculous^ larynx to relieve pain not mtre- 
quently results in regression of the lesions. According to Ponomarew 
(1930), section of the vagus nerve on the infected side in rabbits with 
unilateral pulmonary tuberculosis retards the infectious process and tends 
to limit it to that side. It also tends to prevent intoxication of the vagus 
center. According to this author, the toxin produced in a tuberculous 
lesion poisons the nerve cells, resulting in trophic disturbances at the 
periphery and reduction in the capacity of the lungs to resist the infection. 
Trophic disturbances at the periphery in tuberculous patients also have 
been emphasized by Pottenger (1929, 1930), who described a large number 
of trophic reflexes arising in the pulmonary area and pointed out the 
significance of certain trophic disturbances in localizing tuberculous lesions 
in the lungs. 

Histopathologic studies of tuberculous lesions in the human body indi- 
cate that the tissues react to tuberculous infection according to two modes: 
(1) the lesions may develop slowly and become quiescent through cicatriza- 
tion and proliferation or (2) they may develop rapidly into exudative 
processes involving dissolution of tissues. These modes undoubtedly 
depend on differences in the irritability of the tissues. The greater the 
irritability, the more marked is the tendency toward an exudative process 
Tissue irritability obviously depends on the autonomic status, as defined 
by Petersen and Levinson, of the organism as a whole and of the various 
organs and its modifications by the infection 

Petersen and Levinson have emphasized the importance of the reactions 
which take place in the zone of tissue stimulation which exists around 
every focus of tuberculous infection Within this zone, the effects of the 
toxin produced vary from slight irritation to cellular fatigue and death. 
During the stage of stimulation, tissue acidity and cell permeability are 
increased, metabolic processes are accelerated, calcium leaves the tissue, 
sodium and potassium enter it and tissue cohesion is reduced In general, 
this may be regarded as an abnormal status of the local functional balance 
in which the autonomic nerves, hormones, electrolytes and tissue metabo- 
lites all play their parts 

The local reactions of the blood vessels constitute one of the most 
important factors m the progress of a tuberculous lesion. The reaction of 
the tuberculous tissue, as demonstrated by Schade and Clausen (1925), 
is on the acid side (pH 7 to pH 7.3) which is the optimum for the growth 
of the tubercle bacillus' The toxin produced by the infection also causes 
dilatation of the blood vessels. In experiments reported by Preobraschew- 
sky (1929), the dilatation produced by tuberculin in the vessels of uninfected 
animals was followed by contraction, but m the vessels of tuberculous 
animals the initial dilatation persisted indefinitely The vessels of tubercu- 
lous animals also showed reduced reactivity to adrenm. This is in keeping 
with the fact that adrenin causes little contraction of the vessels in an 
irritated or inflamed area or none at all 

In the light of these experimental findings, it may be assumed that the 
tuberculin released at a focus of tuberculous infection causes local vaso- 
dilatation which, due to the faffure of normal reversal to take place 
becomes more or less permanent. The focal reactions, therefore, are 
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closcU a5Socmtc<l \\ itU the incrcnstil ptnneihiiitv of the djlatiKl capjllanes 
lor the same rta'^on, climcii! actuntioii of tuberculosis not infrerjutntlj 
coincuks \Mth htoloRical processcH, such ns the minstnml t\clc the cfTtcts 
of tht season, etc, whicli arc nssoented ssitli an increase in c'npillarj 
penneniuhtN and aulownnic tinhahnec 

Smci chmtalK nd\anemK tuWrtulosis is nssociate<l with increased 
capillars pcrincahilits and htnled tiiUitnilosis ssitli decrc-iscKl cipillars 
pernuahihts , it mas he ussuimd (Imt increased tapdlars pcrmcabilits, 
regardless of its mo<le of pnMluction must infliienec tu!)trctilou3 lesions 
unfusorahls, whereas diininishetl cnpiUnrs pcnncd>iht> fasors iinprose- 
incnt luMcw of (lie significant rote of the sasomotor mrscs in the regula- 
tion of capdlarj pcnneabihts , the miportnnct of clinical me-isurts designed 
to restore the autonomic functional Inlanee in tuWrculous patients la 
indicateil 

Bronchial Asthma -'fhe jnsangc of air through the ri'spimtoi^ tract in 
inspinition and expiration inn\ lie hainpcrcsl h\ contraction of the hron- 
clual musculaturi, edema of (he mucous incintiranc or cxct^sivc secrctorc 
actl\lt^ of the hronchinl glands AH these phenoineni arc related to the 
functional nutonoimc halance Spastic contraction of the bronchial 
musculature ituoUcs ncummtiscnlsr mechanisms which nnnnnIU pla\ a 
significant rClc in the dcfcn-sc reactions of the upper respirators tract fhe 
clToTcnt ncrscs m\ol\c<l arc pams\mpathetic Flies miv l>c nctisateil 
reflexls from the respirators mucous membrane b\ impulses conducted 
ccntralwartl througli \agus nerve fillers or fnim other parts of the liodv b> 
impulses conducted ccntndwanl through other viscenl or somatic afferent 
nerves I detna of the mucous membrane of the respintorv tract repre- 
sents a vasomotor reaction which mav lie clicitcil reflexlv h\ afferent 
impulses arising in the rcspirntorv tract or in other parts of the bodv Tlie 
bronchial glands arc inncr\ate<l through the pnrasxanpithetic nerves and 
respond reflexlv to nfTcrent impulses arising in other parts of (lie bodv as 
well as to impulses arising m the rcspiratorv tract The efferent nerves 
through which bronchoconstriction or vascular or '*ccretor\ reactions m 
the mucous membrane of the respiratory tract arc brought about tnav al-^ 
be activated bv impulses emanating from cental autonomic centers 
Asthmatic attaclo. associates! with emotional states can lie explained most 
satisfactonlv on the assumption of hv-potlialamic stimulation 

The relativ c impiirtance of spasm of the bronclual musculature edema 
of the mucous membrane and hvpcrsecrctorv nctivitv of the bronchial 
glands m asthmatic paroxv sms is not fully Know n Lv idcnce that each 
of these three factors plavs a part is not wanting (Alexander, 1933) 
Bronchial asthma furthermore probablv is mviirmblv associated with 
parasyanpathetic hypertonus Flic significance of hvpcnrritabihtv of the 
vagus reflex ores in certain cases of intractable asthma in the absence of 
recognizable etiologic factors is indicated bv the beneficial effects of 
repeated bronchial relaxation brought about bv means of svmpathetic 
stimulation (Barach, 1943) Tlic relief in these ca'^es can be explained 
most satisfactorllv on the assumption that a vicious cycle of bronchial 
spasm has been overcome b\ the repeated relaxation of the bronchial 
musculature 

In experiments reported bv Braeucker and Ivummell (192o), bronchial 
phenomena simulating asthmatic attacks were brought about m animals 
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(rabbit, ape) by stimulation of the medulla oblongata or the vagus or 
sympathetic nerves and by other experimental procedures These parox- 
ysms did not occur following section of the bronchial rami of the vagi. 
This suggests that bronchial spasm resulting from sympathetic stimulation 
may involve reflex excitation of the vagus center due to stimulation of 
visceral afferent nerve components associated with the sjunpathetic nerves 
distributed to the bronchi. It seems not improbable, therefore, that 
relief of asthmatic attacks, m certain cases, following section or blocking 
of the sjnnpathetic nerves to the lungs may have been due to interruption 
of reflex arcs comprising afferent spinal nerve components associated with 
the thoracic sympathetic nerves, ascending neurons in the spinal cord and 
brain stem and efferent parasjnmpathetic neuron chains, including pre- 
ganglionic vagus components. 

In view of the important role of parasjmipathetic hypertonus in the 
phenomena of bronchial asthma, sjTnpathetic stimulation may be expected 
to afford temporary relief due to its tendency to counteract the effects of 
paras:^Tnpathetic stimulation Kemoval of the sympathetic influence by 
interruption of the sympathetic pulmonary nerves obviously is an irra- 
tional procedure. Rational treatment of astlunatic patients should include 
measures designed to restore the normal functional autonomic balance. 

Pulmonary Embolism.— Pulmonary atelectasis has long been recognized 
as a postoperative and post-traumatic complication. Of all patients sub- 
jected to operative procedures, according to Scott (1925), approximately 
3 per cent develop pulmonary complications of some kind Among these 
complications pulmonary embolism with consequent atelectasis or massive 
collapse of the lung are not uncommon. Various mechanisms have been 
suggested to explain these bronchial phenomena Most of the data avail- 
able support the assumption that they are essentially reflex. Various 
investigators, particularly Schweigk (1935) and O'Shaughnessy (1936), 
have described respiratory and cardiovascular reflexes elicited by stim- 
ulation at the root of the lung The results of experimental studies reported 
by lesser and de Takats (1941) also support the assumptions that the 
pulmonary vascular bed is richly supplied with sensory receptors and that 
the pulmonary vascular system possesses a potent sympathetic vasocon- 
strictor system The reactivity of the bronchial musculature to the 
stimulus of pulmonary embolism also is striking (de Takats, Fenn and 
Jenkinson, 1942). The mortality and morbidity of pulmonary embolism 
cannot be explained as the direct results of the mechanical plugging of the 
pulmonary artery but are due mainly to reflex effects on other thoracic 
viscera 

On the basis of animal experimentation and clinical observations, 
de Takats et al (1942) advanced the opinion that the initiation of bronchial 
obstruction may be due to reflex bronchoconstriction and bronchosecretory 
activity which may subsequently result in mechanical occlusion. These 
reflexes appear to be elicited by the stimulating effects of distention of the 
vascular tree proximal to the obstructing embolus. Pulmonary embolism 
need not be regarded as the sole cause of atelectasis. Extensive atelec- 
tasis, even massive collapse of the lung may be caused by peribronchial 

pressure produced by tumors or by swelling of the mucous sheaths around 
foreign bodies, etc. 

The reflex bronchial phenomena associated with pulmr 
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represent reactions cnrnc<l out innin1> througli tlic parfts>'mpatlietic 
nerxes 'ilic Mrsoconstnctiou nppircnt in the Imips is inwlmtcil through 
tilt snnpatlittic nerM^H 'Hit Lnnluic phcnoinLim nssoented \Mth pulmo- 
nnr\ embolism suggest both parnHjinpnlbctic ami s\inpathetic reflex 
nctnlt^ 

In Mtw of tlu autonomic rtflex nctiMt> in\ol\e<I m the plionomena 
nssocmteil x\itb jmlmnn»r\ cmlmlism it is nppircnt that pbnmineologic 
agents xvlncb mcrcast the flow i>f blowl to tbt p»linoimr> nrternl bw! bj 
mcniismg tlic output of tlu right Mntriclt, such ns ndrcnm ami digitalis 
muN be bmiiful smeo an increase lu piilmonirj li\ jiertension would tend 
to accoU rate impending fniliirt of the right side of tlie heart Ibgitnlis al o 
exerts a smsitiring iffi'ct on the \agus rcflix inwiianisms Drugs like 
atropiiK. and pipiMrmi. should Ih. WtufiLml smet thi\ tend to counteract 
the nulonomic rilUxi^s which originate lu the nlTittcd lung Ihe usefulness 
of oxxgiu must lit obvious, pirticulariv m cases in wlucli cvnnosis is 
inarUsl hut vaMimotor collap'u isnlisent 

Nervous Ke^ulation of Inunune Reactions — ProdDction of Immcse Sab- 
stances —Hu data set forth nliovi ngnnhng tlu autonomic nervous influ- 
ences m tlu distrihution of IcuWvtes and tlu pcrmeabihtv of tlu vascular 
endothelium stronglv suggest that ummimtv and luxlilv resistance, m a 
large incisun, an dctinumetl hv tlie fmutional condition of the auto* 
noimc nervous svstem Iht rt*suUs of cxjurimcntal slmlies al'o show tliat 
specific immune factions art. subject to nirvous mflutnees and that thej 
ma> he mitiatc<i hv s|k*ci(ic rtflex stiimdation In a series of experiments 
reported bv llcitkr (1921) the formation tif antilxMhes was initiated in 
rahbits bv injection of an antigen into the ear following ligation of its 
vessels Ihe ear nNo vvus nmpiKatctf immcthatclv (alxiut three seconds) 
after the injection Tins result shows clcarlv that the fonuntion of anti 
Imdics mav bt nutmted rtllcxlv and that it mnv occur m the nhscnce of 
antigen in tlu circulating blow! Bogendorfer (1027) reportcil the results 
of a sines of experiments, c irnetl out on dogs m which he demonstrated 
that tlu production of agglutinin is mflucnceil hv mipuhes emanating from 
a central nervous center Ihe injection of a specific antigen which resulted 
in active agglutinin production in nomial animals was without effect in 
his expenments m animals m which the spinal coni was prcvioudv tran- 
sccteil in the cervical region If the ccnical spmal coni was transected 
after tlic production of ngglutmm was mitiatce! following injection of the 
antigen the reaction contimice! Transection of the spmal con! below the 
cervical region did not prevent the initiation of ngglutmm production m 
response to the injection of antigen Bogendorfer (1932) al-^ advanced 
certain ovulcncc m support of the theorv that immune substances arise 
mnmlj m the rcticulo-cndothelml tissue Ihesc data support the theorv 
that the production of irainunc substances represents specific reflex secre- 
tory reactions to specific stimuli 1 hev also show that an immune reaction 
once initiated may continue m the ahstnee of nervous influences The 
efTector apparatus mvolvctl m the nervous regulation of immune reactions 
as V et IS unknow n 

1 xperimental data reported by various investigators particularlv Belak 
and his collaborators indicate that both the svanpathetic and the para- 
syanpathetic nerves play their roles in the regulation of the production of 
immune substances In summarizing tlie results of inv estigations begun 
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before 1925, carried out by his collaborators and himself, Belak (1939) 
proposed classification of the immune substances, r\*ith respect to their 
relationships to the autonomic nerves, in two categories: s^unpathergic 
and paras\Tnpathergic The first category includes the essential non- 
specific antibodies, such as the alexins, opsonins, complement, etc , which 
are always present. Their production is augmented by s>mpathetic 
stimulation and inhibited by parasympathetic stimulation The second 
category includes the essential specific antibodies, such as antitoxin, pre- 
cipitin, agglutinin, lysine, etc The production of these substances is 
augmented by parasympathetic stimulation and inhibited by sympathetic 
stimulation. 

Other experimental and clinical data which support this point of view 
are not wantmg In experiments reported by Illenyi and Borzsak (1938), 
the hemoly'sin titer was increased by stimulation of the parasympathetic 
nerves, when the antigen was injected, and decreased by parasympathetic 
paralysis or stimulation of the sympathetic nerves. The effect on the 
hemolysin titer of sympathetic stimulation was more marked than that of 
parasympathetic paralysis. The onset of infectious disease, as indicated 
by’- fever, increased metabolism, leukocyTosis, etc , is accompanied by 
sympathetic hypertonus, whereas during the period of recovery', as indi- 
cated by' the return to normal body temperature, decreased metabolism, 
disappearance of leukocytosis, increased alkali reserve, etc . parasympa- 
thetic tonus gains the ascendency'. At the beginning of an infectious process, 
therefore, resistance is decreased due to the increased sympathetic tonus 
which inhibits the production of the specific immune substances, whereas 
during the later phases resistance is increased due to increased parasym- 
pathetic tonus which augments the production of the specific immune 
substances (Frei, 1939, Hoff, 1942). 


The non-specific immune substances, according to Belak, are related 
to the emergency functions of the sympathetico-adrenal system which 
responds automatically and promptly to psychic stimulation, pain, muscu- 
lar exercise, blood pressure, cold and various other changes in the internal 
and external environments. The relationship of the immediate reactions 
to infection, intoxication, etc , to the sympathetico-a^enal system, there- 
fore, is biologically significant _ The biological significance of the relation- 
ship of the production of specific immune substances to the parasympa- 
thetic system is less apparent. 


The concept of the regulatory influence of the sympathetic nerves in the 
production of the non-specific immune substances and that of the para- 
sympathetic ner\ es in the production of the specific immune substances, 
as formulated by Belak, undoubtedly expresses a fundamental biological 
relationship but cannot be regarded as strictly accinate in the light of our 
present knowledge of the anatomical distribution of the nerves of sympa- 
thetic and those of parasympathetic origin and the role of the neurohilmoral 
mediators Belak s conclusion that the non-specific immune substances 
are re ated to the emergency functions of the sympathetico-adrenal svstem 
IS well tounded. The specific immune substances undoubtedli' are related 
to cholinergic nerves both of sympathetic and of parasympathetic' origin 

’fthich respond to cholinergic (parasympathetic) stimuli according to a 
common mode. & a, 
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AUerpic Disease ~'II»c common mnnifc'^tatinns of nllorpi, such as haj 
fcAor, nstljnin, pc7omn nntl thxcr^ rinaplnlaclic rtnctwns, prohnbU are 
m\arml>l\ as-^ociatcd x\itli almormnl functional states of the autonomic 
ncr\es 'I lie latter mas In. imluccd l»\ the tissue reactions to the scnsitiz 
inp nRcnt in question, hut not infrcqiicntU the tno<hne<l functional status 
of the autonomic nerxes is a factor in the ctiolnpx of allergic (liscasc The 
•»o-calic<i * allergic state’ prohahK ilotn not ctist in the presence of a normal 
functional status of tlu autonomic nerxes 

The nature of the allergic stale as xct is ohscurc A hcreditarx factor 
imdouhteiilx exists in manx cases 'Ihc ohsirxntion of I^andstcmer and 
Chase (10-10), confinncil hx lacohs, Ktllcx and Sommers (1011), that a 
strain of guinea pigs which is resistant to a gixcn nllergeii max lie ohtamed 
hx stlectixe hrwsling strongU sijpj)orLs this point of xiexx The hcrcditarx 
factor max he concerned xxith the capscitx of the organism to produce 
tissue nnliliodies the pcrmeahitilx of the tissue elements including the 
cnpillnrx cndothflmin nr the release of suhstances such as histamine and 
acctxlcholmc, all of which processes max lie innucnctxl through the auto* 
nomie nerxes 

rmotionnl factors m the ctiologx of nllcrgic disease hnxc long been 
recognixcsl Tliesc (actors haxc gnine<I increasing recognition during 
recent scars m the causation of xarious allergic disortlcrs As Gilleapie 
(1*^30) pointed out, an asthmatic attack max occur as the accumulation of 
an anxict), the oxjircssion of an emotional conflict, a protest against an 
unxxclcomc situation, a means of escape nr as a conditioned response 
rrticana of cmotiounl origin is not uncommon \hmm«on (l(M2) reported 
the case of a woman ngc<l (hirtx-onc xxho while suffering from certim 
mental conflicts, dcxclopcxl giant hixes after swimming m cold water The 
application of ict to her arm also resultcxl m the dexilopment of on urti- 
carml wlicil later her inentn) conflicts were adjusted her sensitixe- 

ncss to cold thsappeared Numerous cases m which allergic sx-mptoms of 
other txpes haxc been precipitatcil bx emotional disturlnnee:> haxe been 
reported 

Tlic emotional factors m allergic disease cmphasire the r6!e of the central 
autonomic centers, particulnrlx those locntcsl m the hx’pothalamus In a 
rcxitw of the nature of eexems Mihan (1030) ad\ancc<l elm cal data in 
support C)f the assumption that the itching associatwl xx ith this disorder is 
of ccntril origin and that the nssocintcsl capilKrx dilatation wlema and 
secondarx xcsiculation are rclateil to abnormal xasomotor function due to 
the low threshold siisccptihilitx of these nerxes to itching liOrtst-Jaeoh 
(1937) also demonstratcil deflmte nbsocintion of the sxTnpsthetic nerxes 
and pniritis crxthema and xcsiculation in the background of contact 
allergy lie cited the case of n woman with more or less generalized erup- 
tion, caused b\ working with sxntbetic xandla xxhich xxas aggraxated bj 
pilocarpine and relicxcd bx atropine The cutaneous lesions m this case 
obxiouslj, xxere related to reflex actixitj medinte<l through autononuc 
centers 

The most spectacular of all allergic manifestations, protein anaphxlaxis 
undouhtedU represents the results of the antibodx -allergen rev'tions of 
the tissue elements Certain allergic manifestations, e those of phx steal 
allerg> , cannot be explained on the same basis A combination of heat, 
cold or sunlight with bodj proteins which could produce a new protein 
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-n-ould be difficult to visualize. In either case the functional disturb^ces 
bear essentially the same relationship to the autonomic nerves, ihey 
involve primarily tonic changes in the musculature of the visceral organs, 
including the vascular system. Since the tonus of the visceral musculature 
is regulated through the autonomic nerves, deviations from the normal 
tonic level of the visceral organs imply deviations from the normal func- 
tional autonomic balance. The changes in smooth muscle tonus commonly 
associated with allergic disease, e. g., the heightened tonus of the bronchial 
musculature in bronchial asthma and the increased gastro-intestinal tonus 
and motility associated with various allergic diseases, indicate heightened 
parasympathetic activity The decreased vascular tonus, particularly in 
the shock tissue, commonly associated with allergic reactions are of the 
same order, although the efferent innervation of most of the blood vessels 
is mediated solely through s^^unpathetic nerves The decreased vascular 
tonus may be explained in part on the basis of decreased activity of the 
adrenergic vasoconstrictor nerves and in .part on the basis of increased 
activity of the cholinergic vasodilators. The increased secretory activity 
associated with allergic catarrhal inflammation of the nasal, pharjmgeal 
and bronchial mucous membranes, the gastro-intestinal mucosa and the 
conjunctivse also indicate exaggerated parasjmipathetic tonus The vaso- 
dilatation of the mucous membranes, indicating corresponding activity of 
the cholinergic vasodilator fibers, results m increased permeability of the 
capillary bed, which facilitates the discharge of serous fluid, thus providing 
the substratum for increased secretory output of the glands Increased 
capillary permeability due to vasodilator stimulation, in the absence of 
allergic disease, has been amply demonstrated. Activation of the glands in 
the mucous membranes, furthermore, is mediated mainly through the 
parasjTnpathetic nerves Some of the most characteristic manifestations 
of allergic disease, therefore, are causally related to heightened parasjnn- 
pathetic or cholinergic reactivity. 

Hyperreactivity of the cholinergic autonomic nerves associated with 
anaphylactic reactions in animals, in the absence of a preexisting auto- 
nomic imbalance, has been amply demonstrated. In experiments on cats 
reported by Heim (1940), the intravenous injection of a serum to which 
the animals had been sensitized three to five weeks previously resulted in a 
marked increase in parasjmipathetic tonus and reactivity of the paras\Tn- 
pathetically innervated tissues. 


The localization and the limitations of the shock tissue present intricate 
problems which probably will find their solution in a more complete under- 
standing of the role of the cholinergic autonomic nerves in allergic reactions. 
The discharge of ^ impulses through the parasjTnpathetic or cholinergic 
nerves may be limited to a single organ or body region. This undoubtedly 
provides the physiologic basis for the fact that allergic reactions, as observed 
clinically, comm onli" occur in localized tissues knorni as shock tissues. The 
cholinergic influence in these reactions is indicated by the fact that, regard- 
less of which shock tissue is affected, adrenin affords relief. The general 
adrenergic reaction tends to counteract the effect of the local cholinergic 
stimulation wherever the disturbance may be The experimental observa- 
tion that the blood of rabbits m anaphylactic shock contains relatively 
large quantities of acetylcholine, whereas that of normal control rabbits 
contains none, supports this point of view. 
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Cardiovascular Disease —Nervous Factors in Abnormal Blood Pressure — 
Blood pressure nnd tlic supplv of Wood to tlic tissues depend inntnU on the 
cnldier of the fifood vessels nnd the force nnd rate of the henrt-knts Both 
these factors nrc riRulntcd thmufth the nutonomic nersous system Under 
normal conditions, an increase in Idood pressure elicits renex cardiac 
inluhition, tcnduiR to restore nonnal prcsMirc linclcr certain pstliological 
conditions iiuoUinK lugh blood pressure, the pressure mav remain ab- 
normnlK high nnd c\cn mount still higher, although tlic heart is failing 
nnd the pulse nenk 'Iht fmlurL of the heart under these conditions, has 
been regardeil l>\ some ns due to the high Wowl pressure If such nere the 
ease, Inhering of the pressure nould relieve the heart, uhich it fails to do 
It also lias been suggestwl tliat ns the output of the heart dimimshes the 
tonus of tlie Idood vessels is mcrcn-se<l tlius decrtxsing tlie size of the 
vascular bed to he filled If tins rcnction nctimllv took place it might 
account for the maintenance of Wood pressure nt tlie normal level but not 
for a further increase in blood pressure while the henrt is fading As » 
well known, one of the most powerful stimuli to the contraction of a muscle 
IS Us previous strctcliing Hie profound disturlnncc of carthac rhvtlun 
resulting from pcricardnl effusion probnhlv is due in a mcisure to inter 
ferenesi with diastolic filling, and, therefore with the stretching of the 
cardiac muscle 'llic marked hvpcrtrophv of the left ventricle in aortic 
regurgitation undouhtcdlv is the direct rcMilt of merensed work The 
stimulus for such incrcnscil work prohsblv results inamlv from the increased 
stretching of tlic muscle <lue to the filling of the vcntncic both from the 
atrium nnd the aorta In like manner thedmstohe stretching of the cardiac 
musculature duo to rnisuig the Wood pressua In stimulation of Ihcvaso- 
constrictor nerves m attempts to stimulate a flagging heart probahlv i> 
on important factor m hrmgmg nlmut the desired cardiac, response If 
the mjocnrdmm is diseased nnd the ov crstrctchwl muscle fails to respond, 
such treatment must result m mcrcise<l dilatation 

'I he work nccomphsliotl h> the heart even under norma! conditions la 
relatively enormous On the nwiimption that the output of the heart is 
2 5 ounces (usualh it is more) at each contraction under conditions 
nonnal blood pri ssurc, tlie total output w mild amount to 7 o tons of hfood 
per day The work nceompbahed would W cvjmvalent to lifting a ton of 
blood 122 feet In view of these figures it must be apparent tint am 
increase in blood pressure adds mntcrinllv to the amount ol work required 
of the esrdne musculature, conscqiicntlv anvilung which tends to main- 
tain the blood pressure nt an nhnonnnlly high level tends to deplete the 
cardiac reserve Ihc increased Wood pressure associated with advancing 
age not iincomraonlv plnvs an important role m shortening the remaining 
span of life due to the inert a-sed work rtquiretl of the heart The rise m 
blood pressure nev ertlieless, must be regarded ns a necessnrv conserv ativ e 
measure Attempts to lower blooil pressure bv means of vasodilator 
drugs, vv ithout att ickmg the cause of the rise, therefore, must be fraught 
with some degree of danger 

Hyqiertension not uncommonlv is assocntetl with structurnf vascular 
lesions It often occurs, m the absence of such lesions as a result of sami 
pathetic stimulation The cause of sucli svanpathetic stimulation some- 
times 13 traceable to hy gienic or dietetic variations soTnetwnes to acute or 
chronic disease processes, and not infrequently to psychic and emotional 
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disturbances According to Lian, Stonesco and Vidarasco (1929), per- 
manent arterial hypertension apparently of the idiopathic type is character- 
ized by hyperexcitability of the vasoconstrictor nerves and hypoexcitability 
of the vasodilator nerves. Prolonged hyperactivity of the sjnnpathetic 
nerves, whether resulting from the administration of adrenin in physiologic 
amounts or from the spontaneous emotional activity of the pseudoaffective 
state, according to Freeman (1933), results in a decrease in the volume o 
the circulating blood, involving both the liquid and the cellular elements. 
Prolonged vasoconstriction of itself, therefore, probably results in a loss of 

blood from the circulation _ 

Hypotension often is more urgently dangerous than hypertension. The 
role of adrenin deficiency in abnormally low blood pressure is well known, 
particularly m Addison’s disease. Adrenin deficiency probably always 
results in sjonpathetic hypostimulation. The cardinal symptoms of Addi- 
son’s disease can readily be explained on this basis Hypostimulation of 
the cardiac accelerator and vasoconstrictor nerves, both of \vhich are 
sympathetic, must result in corresponding atony of the entire cardiovascu- 
lar system. The profound asthenia associated with adrenal insufficiency 
probably is due in part to vascular hypotension and in part to the relative 
atony of the skeletal musculature. 

Hypotension also plays an important role in the phenomena of shock, 
but the various factors involved in this condition cannot be discussed in the 
present volume In view of the important role of the splanchnoperipheral 
vasomotor balance in the distribution of blood volume and the permeability 
of the vascular endothelium, it may be assumed that the Amsomotor 
nervous mechanism plays an important r&le in the production of low blood 
pressure in shock as well as in various other disease processes 

Carotid Sinus Reflexes m Disease —The innervation of the carotid sinus 
and the functional significance of the carotid sinus reflex mechanisms in the 
normal physiology of circulation and respiration have been outlined in 
Chapters VIII and IX In certain individuals in Avhom these mechanisms 
have become hyperirritable, stimulation of the carotid sinus not infre- 
quently results in dizziness and fainting Such attacks may occur spon- 
taneously or they may be induced by external pressure on the hypersensi- 
tive carotid sinus. In either case the symptoms are essentially identical. 
The same mechanisms probably play a role also in fainting associated with 
emotional disturbances in certain cases, a syndrome which Lewis (1932) 
designated “vagovagal” syncope Attacks of this kind occur not infre- 
quently in apparently healthy persons as a result of stimuli such as the 
sight^ of blood, overheated and stale atmosphere or strong emotional 
reactions. They are accompanied by pallor, perspiration, fall in blood 
pressure, particularly the systolic, and frequently by bradycardia (Suther- 
land, 1927, Parker, 1928, Lewis, 1932; Ryle, 1934) 

Fainting has quite generally been regarded as due to cerebral ischemia 
caused by a decreased cardiac output or by a temporary vasomotor col- 
lapse with consequent fall in blood pressure Temporary loss of conscious- 
ness IS known to occur in A*arious pathologic states such as angina pectoris, 
coronary thrombosis and various paroxj^smal arrhythmias, in which the 
cardiac output is diminished and presumably cerebral ischemia results 
n eis and Baker (1933) have shown that temporary loss of consciousness 

may also occur without significant changes in blood pressure or heart-rate 
32 
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in jiitunts fru of (pllcJ)s^ or ccrtlirnl <!i'‘C'i«c In their l>oth 
Hnl)j(otnc «M(1 olijutnt HMnptom’i «i«wK.nte(l nith spontaneous attacks 
could l)c dupluattsl h\ nppK)!)^ ixtcrnnl prcsstirt o\tr the carotid sinus 
'lilt prcinniiitor\ sv-niptoms, such as wtakness. di/ruiess and c\cn con\ul 
siouH XMtliout actual HMicopc louhl Ik. ituluresl l)\ \arMnj; the mtcnsiU 
and duration of tlic stnniil itinn In most of ihc-it patients famtinj: ap- 
poarwl to lie tiuiseil li\ inarkisl ritanlation of the Mtitriciilar nte mth a 
coiiM (jiK lit fall in lilooil pressure or h\ a mnrkesl liccrcoM in hlood pressure 
without H)j,ndK«nt retardation of the hi art mtc or l>j lioth In some it 
appiirtxl to he cau’usl h\ cYrdmil MisoiYuistriction ImhnR to nnotcmia 
lu tlu all'll nei of significant changes m the heart rate or the hlood pressure 
In a studs of l!*i casn (ncomiterixl in canliac chines and prisatc prac- 
tUY carrud out to ilctinnine the freqiuncs of cxapRcmtril camtid sinus 
rcfl(\C‘H and to usurtnni tluir dmpnmtic sipnificnncc Si;:ler (1033) found 
thisc nlliYi's i\a>,j:LTntei\ most IrfSiiuiitK in imhsidimls with pnrassTn 
pitlutUYitonM prislMjKisitioris and more friYiticntlv m malc^ than m 
funahs 'sinitli (HM?) rtporteil tint csmtid sniiis s\ ncopc occurred mhis 
iluiu np])ro\nmitils fisi tniu*s ns frcipuiitls in males as m females He 
oh ersod it most tsmnnoiils in middle oRctl and chlerls patients and nrels 
mthisonnt Iln chnfssanptotns i r , attacks of strti;:o and intervals of 
nncimsi lonstu'ss with or without eonsnUmns arc usnalK preccilcd hs a 
definite mini ilianiotcririsl l>\ wenkiu*s.s, hshtliendeilm'ss, spots licforc the 
IMS and i|)i}.nstnt distress In most of t)»e patients attacks could be 
prwipitateii In < stern il prc'snrt on om or l>oth carotid sinuvs Induced 
attacks friqiKutls mn luwmp'imc*! In strikin/; cnnlioi asciilsr reactions 
such as ntnrdatum of the ranine rlntlnn Narvinj; intervals of cardiac 
iirrc*st and pilini, of tin face follownl hv flnshniR Hlood presMire ususllv 
w as ilotrc isnl Imt in a few instances tlu rc oecunreil a rbc m hlood pressure 
(trciwi (I^U) rqwirtcs! caMS m which external prcsMirc on the carotid 
smns ri*snltcil in a verv inarkeil dernnse m the heart rite and hlowl prea- 
snn and thmigcH m tlu invtHnrtlml tonm In some patients with high 
hlood pri*>sure tlie licart nte v^ns rwlueed 2'> per cent and the blood 
prtsMirt 11 jxr out IVematnrc heart lu its a)v> subsided or became 
imicli less frwjnciit Pulsus altcninns m some cases ilisappearcd com- 
plctclv llicsc tlimcail oh^e^\atlons ncconlmR to Grciwe support the 
livpotliesis of \\cnkil)\ih that the development and the character of the 
plicnoimnou known as pulsus nltcrnans dejiends on the peripheral circula- 
tion lit aUo adv inccil the opinion that it is the result of a disturbance of 
the functional halancx of the svanpathctic and parasv inpathctic nerves, 
<Uie to a sudden increase in cndoartenal pK^urc I’liKus alternans asso- 
ciated with paroxvsmal tachveanha usuallv subsides as soon as the par- 
oxvsin 15, icnninitcd Iriic pulsus nltcrnans occurs most frequently in 
cases of cirdiovascular-rennl sclerosis m manv of which the mvocarduim 
also is nficeted Other cases m which identical changes have been found 
never exhibit piiKns nltcrnans In those cases of cardiovascular renal 
(hscise m whicli it occur, pulsus altcnians usuallv is associated with n 
sudden increase in heart-rate and hlood pressure, consequentiv it probably 
IS invarnblv associated with a disturbance m the autonomic balance and 
should be regarded as a phj siologic phenomenon and not ns pathologic 
Hyperactive carotid smus reflex activitv not infrequentlv becomes 
further accentuated in the presence of local dise ise e g , sclerosis m the 
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carotid sinus, heart or vagus centers (Sigler, 1933) It is most accentuated 
in moderate bradycardia, diminished m tachjmardia and absent m smus 
bradycardia Of Sigler’s patients, those with precordial pain exhibited 
exaggerated carotid sinus reflexes more frequently than those ^ylthout such 
pain Undei certain abnormal conditions other areas, including the eye- 
ball, pharynx, larynx, bronchi, pleura, esophagus and arteriovenous 
aneurysms, may become sensory stations from which certain portions of the 
autonomic nervous system may be influenced in the same manner as from 
the carotid sinus (Ferris, Capps and Weis, 1937) 

On the basis of the results of extensive investigations, particularly those 
of Weis, Ferris, Capps and their collaborators (1933-1937) carotid sinus 
reflexes may be classified m three main categories; (1) asystole or sudden 
retardation of the cardiac rhytlnn with or without a decrease in arterial 
blood pressure, (2) marked decrease in blood pressure without marked 
retardation of the cardiac rhythm; (3) cerebral circulatory alterations, 
causing fainting and sometimes convulsions, with or without marked 
changes in the cardiac rhytlim or blood pressure. 

Of the patients studied by Ferris, Capps and Weis (1935), a high per- 
centage gave clinical evidence of vasomotor instability, such as palpitation, 
moist palms, skin sensitivity, etc The blood pressure tended to fluctuate 
spontaneously over a relatively wide range and the basal metabolism was 
low In some the hyperactivity of the carotid sinus mechanisms was 
associated with various functional and organic disorders such as emotional 
instabilitj^ cardiac disease and arteriosclerosis If associated morbid con- 
ditions are relieved by appropriate treatment the hypersensitndt}^ of the 
carotid sinus mechanisms usually is reduced (Weis, Capps et al , 1936) 
The carotid sinus, however, does not appear to play a major role m the 
regulation of autonomic tonus (Ferns, Capps and Weis, 1937). 

In any given case of exaggerated activity of the carotid sinus mechan- 
isms, reflexes of one of the three categories outlined above play the major 
role, but those of the other categories are active in some degree. Fainting 
in which reflexes of the cerebral type predominate, however, bears no 
obvious relationship to retardation of the cardiac rhythm or the reduction 
in blood pressure Cerebral reflex vasoconstriction followed by compen- 
satory vasodilatation has been demonstrated m such cases, but the vaso- 
constriction, according to Ferris, Capps and Weis (1935), cannot be 
regarded as the actual cause of the fainting but only as a concomitant 
manifestation, since the same or even a greater degree of cerebral vaso- 
constriction caused by adrenin does not result in fainting Observations 
on the cerebral blood flow before and during syncope, furthermore, fail to 
indicate marked vasoconstriction. The failiue of oxygen to diminish the 
tendency to faint also militates against the theory of anoxemia due to 
vasoconstriction 


The reflex activity of the carotid sinus mechanisms may be influenced 
by various pharmacologic agents Digitalis exerts a sensitizing effect on 
both the vagal and the cerebral reflex mechanisms The routine preoper- 
ative Use of this drug, particularly in elderly patients, therefore, is contra- 
indicated (Ferris, Capps and Weis, 1935) Both the vagal and depressor 
types of carotid sinus syncope can be controlled by adrenin or ephedrine. 
Atropine abolishes the vagal tjqie but has no effect on the depressor tvne. 
iN either of these drugs exerts a marked effect on the cerebral type (Weis, 



Capps ci al , 1930) Surgical dcncnntion of tlic carotid smtnos ohohshes 
both spontaneous and induced nttncKs in suitable cases but exerts no 
influence on unrelated nceouipntiMtig sxanptoms 

Some Factors Involved in Fulmon&rjr Enc'orgement and Heroonba^e — llic 
pulmoimrj xessels like the sxstciiiic xcsscls, arc subject to direct xaso- 
motor control but not in the same tlegrc'c llie lungs also receive blood 
through the bronchml arteries whicli nrisc directiv from the aorta In cases 
of lieinoptv SIS involving onlv the ptihnonnrv vcsscls^anv measure which 
constricts the svstcmie xessds, r g the ndimmstrition of adrenm mav 
aggravate the lilecdmg b\ forcing bloofl from the svstemie into the pul 
inonarv vessels On the other hand, incisures winch bring nl>out vaso- 
dilatation, e g , tiic nrliniiustrntion of nitrites, tend to dimmish the engorge- 
ment of the lung h\ diverting blood into the svstemie vessels nemoptvsi<i 
due to necrosis of lung tissue mav iiivolvt Imtli pulmonarv and bronchial 

V essels 1 lie fonner, In mg the more numerous arc more Iikelv to Iw eroded 
Yet even though a bronchml nrtm were the soiiret* of the hemorrhage 
tlie production of vasnwnstrietion bv means of stjptic drugs might still 
he harmful he cause a gem ml rise in blooil pressure and consequent tuqrcs- 
ccnce of tin lungs would tend to bnng about lumorrlmgc nt other weak 
points On the other Imiid ineaMircs which proilucc wide-spread vnsodila 
tation might be bemficiid lieeaiise of their tendenev to divert blood from 
the lungs which would nl-'O cotmterhahnee tlie risks of reopening the 
bleeding jiomt I/)wer«l Ii1o<mI pn*sj,urc would nbo favor the sealing of 
lileeslmg i>oints b\ incnns of blooil clots Ihc relief of asthmatic attacks 
bv the admmhtmtion of adrenm probablv isdtiemnmlv to its constricting 
elTcct on the vc'ssds m the bromht d inncosa 

Regulation of Cerebral Blood Pressure and Cerebral Hemoirbage —Since 
thecnnml wall is rigid and the bruiisnlistnnccismcomprcMilde the liquid 
content of the cranium consi\tmg of the blood ami cerebrospinal fluid is a 
constant \ oluiiu If the \ nlumt of lilmMl in tlie cen bral \ evscis w> increased 
cerebrospinal fliiul nuht bo exi)res>cil from the cnmiuni Tins is the first 
effect of a rise in arterial pressure in the limin The cerebral smuscs become 
coinpressicd until tiie pre*ssurt in them equals that exerted against tlieir 
walls bv the brain substance Since the miHlulla oblongata contains vital 
centers its blood suppiv must l»c maintained nt nil Imzards If the blood 
supplv to tlic medulla oblongata becomes inadequate tlie resulting cerebral 
ischemia stimulites the vn^joinotor center to contract the splanchnic 

V essels J Ins results m forcing more bloml to the bmm Dilatation of the 
splanchnic vessels on the other hind results in the witlidrawnl of blood 
from the brnin 1 he blood supplv to the brain is controlled m a large 
measure bv the vasculir reactions of the splanchnic region which in turn 
IS controlled bv the v asomotnr center in the brnm 

As show n bv the results of animal experiments carried out bv Cushing 
the general blood pressure must be kept nt a level somewhat higher tlian 
that of the intracranial pressure m order to av oid cerebral ischemia hen 
the intracranial pressure was increased bv the introduction of a saline 
solution into the cranial cav itv from a pressure bottle no effects other than 
a slight increase in the pulse and rcspirition-rates were observed until the 
intracranial pressure exceeded the blood pressure Tven these effects 
could be avoided if the fluid did not affect the sensitive dura ^^^len the 
intracranial pressure exceeded the blo(xI pressure, the splanchnic vessels 
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contracted and the blood pressure was raised until it again exceeded the 
intracranial pressure By repeatedly increasing the intracranial pressure 
the blood pressure was forced to a lei’^el above 200 mni. of mercury before 
the vasomotor center showed signs of giving way Wdien the increased 
intracranial pressure was relieved, the splanchnic vessels dilated, bringing 
about a corresponding diminution of blood pressure If the vagi were 
divided before the intracranial pressure was modified, in these experiments, 
the blood pressure corresponded even more closely to the intracranial 
pressure, but always remained slightly higher than the latter That the 
ad]ustment of the blood pressure to the intracranial pressure was brought 
about by vasoconstriction in' the rest of the body also was shown by the 
fact that no rise in blood pressure took'place in response to increasing the 
intracranial pressure, following section of both the vagi and spinal cord 

These experimental data have a practical bearing on the treatment of 
cerebral hemorrhage Measures designed to reduce the blood pressure to a 
level low enough to check the hemorrhage are fraught with danger because 
of the reduction of the blood supply to the medulla oblongata Further- 
more, since the blood pressure is automatically maintained at a higher 
level than the intracranial pressure a vicious cycle is established, the 
hemorrhage increases the intracranial pressure, and the increased pressure 
causes a rise in blood pressure, which tends to increase the hemorrhage In 
general, a rising blood pressure in cerebral hemorrhage indicates a grave 
prognosis because it shows that the bleeding has not ceased Direct lower- 
ing of the intracranial pressure by means of a lumbar puncture tends to 
reduce blood pressure due to its effect on the vasomotor 'center, conse- 
quentb’’, it tends to check the hemorrhage On the other hand, such lower- 
ing of the intracranial pressm'e is not without danger, in certain cases, 
since it reduces the support of the cerebral arteries and renders them more 
liable to bleed Since the blood pressure falls immediately following 
reduction of intracranial pressure the necessity for support of the arteries 
also IS diminished. 

On the basis of Cushing’s experiments, it seems highly probable that, 
when more than one hemorrhage into the brain substance occurs, the 
smaller hemorrhages usually are caused by the effect of the larger primary 
hemorrhage on blood pressure The primary hemorrhage increases the 
intracranial pressure which, due to its stimulating effect on the vasomotor 
center, in turn raises the general blood pressure to a level at which the 
weakened arteries in other parts of the brain, particularlj'^ the pons, are 
unable to withstand the strain 

Disorders of the Digestive Tract.— Spastic Obstruction.— Since the 
digestive tube receives inhibitory impulses mainly tlirough the sjonpathetic 
and excitatory impulses mainly through the parasjanpathetic nen^es, 
sjmipathetic stimulation results in retardation and parasjmipathetic stim- 
ulation in acceleration of gastro-intestinal activity. Any disturbance in 
the functional balance of the autonomic system, therefore, is reflected in 
gastro-intestinal activit}'’ 

The functional activities of the esophagus seem to be dominated by its 
parasjTupathetic innervation. Under certain conditions, this division of 
the digestive tube reacts to nervous influences in a manner which affects 
the entire digestive system. In the case of a neoplasm near the cardiac 
orifice, the lower portion of the esophagus may become more or less per- 
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inanentlv ( ontractcd and tlms obstruct tfiL p issspr* of food into tlie store 
nch idtlioupli tfjc new prowtb, due to its sniidl sire, pln\s no ineclmnical 
role in tiic ottlusion of tlic cnrdj ic orifice Ololms Ii\ stcriciis nlv) in\ol\e 3 
spasm of the loivtr portion of the isopliapus f he actual pfiint of constnc 
tion inaj pxss up and doxMi iii the miinncr of n piristaltic ttn\c The 
patient IS unable to su allow \ 1 1 no orpiinic disease is present Constriction 
of the tsophapial uuisculaturt is bmupbt alxiut In parassonpalhctic oier 
stimulation in tin ease of ploluis Instericus, the taiise of esophageal 
spasm IS to he sought lu a ps\clii<. disonUr In most other in-stances 
esoplnpca! sjiasm must lie roKanlwl us ii n fiev res;Kmst to afftri nt stimula 
tion lor (xamph mahpimnt dismast of the stomnih runs pne rise to 
reflex tontrattion of the esophagi il musculature In ctrtain e-tscs esopli 
npcal spism tonstituti^s the larliest objoctiM eMdinw of organic disei'e 
of tilt stomach (I anprlon Ilrouii 1021) 

So-cilhsl cmliospisiti ncconbiip to Hurst (101 1), is not an active 
spasm of the cardiat sphuuttr but n faihin of the s|)liinttcr to relax He 
propostsi th{ ttrmor^/i/a,irtnsmort nituratib destnptivc of this condition 
The ililfirencc Ifctwctn ncimhrm and an nttivi spasm is indicated In 
Hursts olisirvatmu that in the fonner condition a mirciirx tilin' in the 
csoplupus t in oiKii t!u c mine splimcti r b\ its own nciplit Inilurcof 
the t mime sphincter to relax uudoiibtisllv is due m mans mst mccs to the 
conditions which cxcit< nctni spasm in other parts of the digestive tube 
lilt nervous wmtrol of the eimliat sphinctir ns Hurst and Hake (1930) 
pomtixl out IS suhjcxt to four nbnonnnl tsinditioiis vnpis hvpcnctivitv, 
vagus hvpoictivitv or piral>sH sMupithttic hvpcnctivitv and sxmpa 
thttic hvpoactivitv or pmdvsis Of these the second and third probabl} 
art the more important in otinbu «phmtttr dvs.function since vagus 
hvpoactivitv or parilvsis mav result m ntlnlarm and svinpathttic hvT)cr 
nctiv itv in c iniiosp imu On the other hnnil spasm of the canhac sphincter 
rnav occur as a rtflcx result of acuti influnmntiou or carcinoma of the 
lower portion of the osoplmgiis ptptic ulcer and possihlv duodenal ulcer 
and gall hlnddtr disease It probnbh ilocs not occur ns n purclv functional 
disorder even m lurvous mdiMditnls Hvstcncal dvsplmgia probabh i> 
due totlisturhancis m the iitiiromusuilnr wntrol of the voluntarv mcchan 
ism of deglutition which dots not iinohc the cardiac sphincter 

Pvlorospasm max he brought nlunit rcflcxlv b\ awidevonetv of causes 
e g gastric nkvr apptndicitjs renal cilciihis pvclitis and sometiiues 
disease of the gall bladder or the genitalia Occasioimllv it occurs as a 
simple neurosis If tin spasm is slight and of short duration it ma} be 
relatively unimportant but, if marked nnd persistent it results in gastric 
dilatation In some eases dilatation mav be delaved for a long tune b\ 
the initial coinpcnsatorv hvpcrtrophv of the stomach wall 

Chronic appendicitis not infrequently is accompanied b\ mild deal stasis 
which, according to MacLean (1932), is due to spasm of the ileocecal 
sphincter brought about bx local irntation of the diseased appendix 
Gastro-deal reflexes also pliy a rfile m the retardation of the passage of 
the contents of the small intestine into the cecum in chronic appendicitis 
These reflexes max he elicited b\ the introduction of food into the stomach 
In MncLean’s study of 300 coses of chronic appendicitis, delav m the filling 
of the cecum w as observ ed m about 50 per cent of the eases In his opinion, 
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DISORDERS OF THE DIGESTIVE TRACT 

this reaction is so characteristic that it may be regarded as a sign of chronic 

appendicitis. . , 

Flaccid Obstruction.— Irritation of the peritoneum not uncommonly 
results in reflex inhibition of gastro-intestinal motility In acute general 
peritonitis, according to Robb (1932), the resulting s^mipathetic stimula- 
tion tends toward immobilization of the intestine, the purpose of ^\Rich is 
protection of the lesion outside the gastro-intestinal tract, but which also 
results in intestinal stasis. In certain individuals with unstable autonomic 
balance, even slight splanchnic irritation elicits profound reflex inhibition 
of the intestine (Stout, 1933) Irritation of even a limited area of the 
peritoneum, therefore, may result in complete cessation of peristaltic 
activity and distention of the intestine due to loss of tonus of its muscula- 
ture. Paralytic ileus sometimes follows abdominal operations in the 
absence of marked trauma or injury to the peritoneum, probably due to 
reflex inhibition elicited by impulses arising within the gastro-intestinal 
wall. Symptoms of flaccid intestinal obstruction, so-called ileus hystericus, 
arise in certain cases as part of the syndrome of hysteria. The intestinal 
inhibition in these cases undoubtedly is due to hypothalamic stimulation 

Hypertrophies of Infancy.— On the basis of extensive clinical observations, 
Fraser (1926) advanced the theory that congenital hypertrophy of the 
pylorus, hypertrophic ileal obstruction and congenital hypertrophy and 
dilatation of the colon have their cause m autonomic nervous dysfunction. 
The essential lesion in congenital hypertrophy of the pylorus is a hyper- 
trophy of the muscular coats of the pyloric canal and antrum and, to a 
slight degree, of the distal portion of the corpus of the stomach. This is 
essentially the portion of the gastric musculature which is concerned with 
the expulsion of the stomach contents. Roentgen-ray examination, accord- 
ing to Fraser, shows ill-timed and abnormal, yet forcible and prolonged 
contractions of the stomach, under these conditions, but the stomach 
content is not expelled. On the basis of his findings, he supported the 
theory, first enunciated by Thomson, that “the muscle is hypertrophied 
because from an early period in its development it has been worried into 
overgrowth by constantly recurring overaction, such as would result from 
even a slight degree of habitual incoordination ” The underlying causes 
of this disease as yet are obscure, but the marked tendency of smooth 
muscle to undergo hjiiertrophy as a result of repeated forcible contractions 
is well known. The demonstrable abnormal activity of the hypertrophied 
muscle, furthermore, strongly suggests a functional cause The older 
theory of congenital redundancy is no longer tenable. 

Hypertrophic ileal obstruction in infants usually involves the lower 
portion of the small intestine In 3 cases reported by Fraser (1926), the 
lower segment of the ileum approximately 6 inches in length was markedly 
hj^iertrophied, but the ileocolic sphincter was not involved. Above the 
hj^ertrophied segment, the ileum was markedly dilated On the basis of 
the findings in these cases, he advanced the opinion that this disease is 
similar in origin to congenital hj^iertrophy of the pylorus. 

Congenital hypertrophy and diIatation''of the colon resembles congenital 
hypertrophy of the pylorus and hypertrophic obstruction of the ileum 
both in pathology and in the fact that it involves a portion of the digestive 
tube on the proximal side of a sphincter. Usually the lower limit of the 
change is at the junction of the colon ' the rectum ' ’ , sphinc- 
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DISORDERS OF THE DIGESTIVE TRACT 

not uncommonly are due to lesions of the gall bladder or the appendix. 
Some still maintain that gall stones may remain for years in the gall bladder 
without producing sjmiptoms In general, this is untrue, unless the stat^ 
ment refers only to symptoms referable to the gall bladder Patients with 
gall stones commonly exhibit sjunptoms of intermittent gastric irritability 
A slight alteration in the position of the stone or a slight increase in the 
associated cholecystitis ma}’^ at anj^ time call forth violent reflex irritation 
of the stomach and spasm of the pylorus. 

In general, it may be stated that the nearer the lesion is to the stomach, 
the more probable is the occurrence of reflex gastric sjmiptoms Duodenal 
ulcer and gall bladder disease almost invariably call forth marked reflex 
gastric sjTnptoms. Pancreatitis not only gives rise to reflex disturbances 
set up by the pancreatic lesion, but also results in inadequate neutralization 
of the gastric ]uice in consequence of diminished pancreatic secretion The 
symptoms associated with this condition, including those of intestinal 
obstruction, testify to the wide-spread sympathetic inhibition produced 
(Langdon Brown, 1923). Reflex gastric disturbances resulting from lesions 
farther removed from the stomach are less common but not infrequent 

Just as spastic contraction of a sphincter or gastro-intestinal hyper- 
motility may be brought about tlirough the autonomic nerves, so a segment 
of the digestive tube may be inhibited, resulting in its dilatation Atonic 
dilatation of the stomach, brought about by sjunpathetic overstimulation, 
may explain many cases of chronic indigestion. Patients with this condi- 
tion usually complain of feeling full as soon as they start eating because 
the dilated stomach cannot relax further, as the normal stomach does when 
food is ingested, consequently, the intragastric pressure rises. Fibrosis of 
the stomach gives rise to the same symptoms because also in this condition 
the stomach is incapable of relaxation. Obstructive dilatation of the 
stomach differs from atonic dilatation in that it usuallj^ is associated with 
powerful peristaltic waves under which the gastric musculature gives way 
but, in many cases, violent peristalsis still occurs after the stomach is 
enormously distended. Parasympathetic overstimulation obviously plays 
an important role in these cases. 

Gastnc and Duodenal Ulcers.-— Gastric and duodenal ulcers commonly 
are associated with parasympathetic hypertonus As early as 1913 von 
Bergman expressed the opinion that the entire complex of nervous symp- 
toms associated with gastric and duodenal ulcer is referable to autonomic 
dysfunction which manifests itself in vasomotor disturbances, resulting in 
ischemia and spasticity of the gastro-intestinal tract He regarded this as 
the real cause of the ulcerative process. ICaufmann (1913) regarded 
leukopenia as one of the signs of the constitutional disturbance responsible 
for gastric and duodenal ulcer He had previously called attention to a 
deficiency of gastric secretion as one of the contributing factors in the 
genesis of gastric lesions. More recently he also emphasized the role of 
gastro-intestinal spasticity which he regarded as a result of the underlying 
constitutional disturbance and not of the ulcerative lesion He also 
regarded psychic disturbances and overexertion of anv kind as important 
factors in the genesis of gastric and duodenal ulcer. ''These observations 
regarding the role of ^'asomotor disturbances and leukopenia associated 
with gastric and duodenal ulcer become increasingly important in view of 
the evidence advanced by Muller (1926) that disturbancespn the functional 
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the vagus with magnesium, nor did such irritation, in their experiments, 
prolong the healing of preexisting gastric or duodenal ulcers. Active 
inflammation of the gastric mucosa also failed to induce demonstrable 
pathological changes in the vagus nerves or the medulla oblongata. 

In a study of 18 resected stomachs of patients with gastric ulcers, Stotir 
(1932) observed lesions of the enteric plexuses, involving mainly the 
ganglia and ganglion cells, in every case in which the disease was chronic. 
The degenerative changes in the enteric plexuses were most marked at the 
sites of the ulcerative lesions but they were apparent also in areas far 
removed from the ulcers. AVhether the lesions of the enteric plexuses 
constitute a causative factor in the etiology of gastric ulcer or represent an 
accompaniment of the ulcerative lesions could not be determined On the 
basis of these findings and extensive clinical observations, Stbhr (1934) 
advanced the opinion that the causation of chronic gastric and duodenal 
ulcers is intimately related to dysfunction of the entire autonomic nervous 
system 

Balint (1927) emphasized the constant association of h 3 "peracidity with 
parasjmipathetic hj'^perirritability in ulcer patients and pointed out that 
most of these patients exhibit alkali retention, indicating an acid condition 
of the tissues The opinion that hj^peracidity is an important factor in the 
causation of gastric and duodenal ulcers also is supported b}’- a large volume 
of experimental data bearing on the production and healing of chronic 
peptic ulcers m animals Pepsin produced in the stomach probablj’’ also 
plan's a significant role In both acute and chronic experiments on cats, 
Schiffrin and Warren (1942) found that perfusion of a segment of the 
gastro-intestinal tract with pepsin in an acid medium resulted in more 
sei^ere ulceration than perfusion with acid alone They have emphasized 
the proteolj’tic action of the gastric juice as a factor in the etiolog}'’ of 
gastric and duodenal ulcers 

Under normal conditions the gastro-intestinal mucosa is not digested 
because it is not exposed to pure gastric juice One of the important 
factors in the protection of the mucosa against the corrosive action of the 
gastric juice is food. The pancreatic juice, gastric and intestinal mucus, 
duodenal secretion and bile constitute an additional mechanism hy which 
the duodenal and, to some extent, the gastric and jejunal mucous mem- 
branes are protected Wien normal gastric juice is secreted in excessive 
quantities or continuously, in experimental animals, the neutralizing 
mechanisms are overcome and ulcer is produced (Dragstedt, 1942). Similar 
excessive secretion of gastric juice in man probably also results in gastric 
or duodenal ulcer. In most instances such hj'persecretor}’^ activity prob- 
ably is neurogenic As Dragstedt has pointed out, it is abnormal in the 
sense that it exerts its effect mainly while the stomach is empty and the 
usual stimuli for gastric secretion are in abej’-ance 

In a study carried out on patients with duodenal ulcers, Berg and 
Thomas (1942) found that the neutralizing ability of the duodenal bulb 
was impaired but not wholly lost. They pointed out that ulcer patients 
differ from normal persons both in that the neutralizing capacity in the 
duodenal bulb is defective and the gastric secretion is hjqieracid On the 
basis of an experimental study in which gastro-intestinal ulcerations were 
produced by the administration of pitressin, Berg (1942) emphasized the 
role of vascular alterations in the causation of peptic ulcers, particularly 
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in persons with n constitution'll hnhitiis clurncttri/wl liv \a«otnotor 
instahilit\ 

I motional factors in tlic (tiolo|;\ of gistric and diKMlcnal ulc-crs ha\e 
been tmplmsi7i(l li\ ^nrlous mxcstiR'itors InastudN carriwl out on ulcer 
patients and nonnnl sulijects Mittclmann arul ^\o!f^ (l‘){2) ohscractl a 
rise in ntidit\ and incrtasoel mntilit\ in the slomaclis of all the nicer 
patients and innn\ of the normal subjects dnrinj, jicriods of exjicrinientall} 
inducixl an\iet\ Iiostilits and resentment On the contnia ga-stne 
aeidita and motilit\ were <Ieeriies«l in tlic same snlije-ets during pcnoils of 
induced fwhnps of camtentment and wtlMHinj: In rtvicttinp the c^^e 
Instonis of their uletr patunts Mittilinann an<l A\olfr foun«l that tliCN 
had expcnencisl prolonged cinotioiinl timnoil miolvnif: inninl\ conflict 
anxietN puilt liostiht\ and resentment I he oeturrenct of p nn and in 
some cases htmorrlinpe was correlateal witli jicncHls of special emotional 
stress 

In a suhjiet witli a ptnnnncnt pastrie fistula thrnnjrh winch the fristnc 
mucosa csaild he ohsttatsl <hrc<tl\ \Nolf and \\olfT (I*fl2) ohserets! pallor 
of tiic mucous memliranc and mliilutinn of pastric secreton actiMt> and 
motiht\ durniR emotions sueh nsfe ir ami smlness whith itnolvcil a fotlmp 
of witlidrawal Dtirmj; cmotionn! conflicts m\ol\m;: nn\ict\ hostiht\ and 
resentment th(\ ohser\c<l nicrtaseil pistrie se*crctor\ nctiMtv Inpcnnotil 
and Inperemm and cnRorjccment of the j,nstric muci^a Intcn e sib- 
tniiicd anxictN hostiht\ and resentment wort actaimpnned l)^ prolonged 
increased socretoiw act^\lt^, lnpennotilit\ and cnporRcnunt of the gastric 
mucosa During tliesc periods erosions and litmorrhagts could la. induced 
In the most trifling traumas Blecsling points also nppt iretl s{)ontancou«!\ 
due to Mgorous gastric contractions I)irect contact of icid gastric juice 
with a small eroded area in the mucosa resulted in increased secretory 
actiMts and further cngorgcimnt of the entire gistric mucous nicmhranc 
Prolonged direct contact of the gn-strie jmee w ith such a lesion resulted in a 
chronic ulcer 

Tlic autonomic nmcrantion of the stomach and duodenum abo pla\s a 
rf>Ie in the pain and distress nssocnteil with peptic ulccr^ In a ‘studi 
reported l)\ Patterson and Sandwciss (1912) patients with duodena! 
ulcers rccordcxl pain onls when the duodenum was m an active phase of 
motihtv, regardless of whether the stomach was active or (juic'>cent 
Ppigastnc pains of rclativcK long duration were invarmhlv as'NOcnted with 
exaggerated duodenal activitv characterized hv a state of increased tonu» 
simulating incomplete tetanus Other factors in the production of ulcer 
distress are the site of tlic lesion the acid concentration m the duodenum, 
the relative abundance of pancrcitic cnzMiies and hile and the potenev of 
the duodenal hormones all of which are related to autonomic nervous 
function 

In certain cases of acute peptic ulcer, treatment directed to the ulcer 
Itself maj be efficacious and the he ding of the lesion mav be regarded as 
terminating the disease In view of the various factors in the etiologv of 
gastric and dundenvl ulcers, particularlv the autonomic nervous dvsfunc- 
tion, treatment, particularlv m chronic cases should be directed to the 
patient ns a whole since the ulcer is but a symptom of v more funda- 
mental disorder This is m full accord with the long recognized clmical 
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teaching that chronic peptic ulcers cannot be cured by resection of the 

ulcerative lesions. i -uv 

Cohtis.— Mucous colitis occurs most commonly m persons who exhibit 

other evidence of autonomic instability Except in the presence of a pri- 
mary infection, it is not an inflammatory condition but one^ which is 
fundamentally neurogenic The colonic musculature is highly irritable and 
not infrequently spastic Spastic contraction of one segment may result 
in distention of the more proximal parts, due to the retention of gas under 
pressure and pain The underlying cause of the pain may be either pro- 
longed spasm of the musculature or stretching due to distention. Spastic- 
ity or stretching of the musculature results m limitation of the flow of 
blood in the mucous membrane with consequent ischemia and anoxemia of 
the tissue The mucus-secreting cells are stimulated and mucus is produced 
m large quantities The resulting clinical picture is one of alternating 
periods of constipation, pain and distention followed by periods during 
which mucus appears in large or small quantities with reduced constipa- 
tion and occasional diarrhea. The ischemic condition of the mucous 
membrane tends to lower its resistance to bacterial invasion, consequently, 
the bacterial flora present may penetrate the wall of the colon and pro- 
duce an inflammation which dominates the picture, but which must be 
regarded as a secondary phenomenon. 

In certain cases of mucous colitis m which infection arises as a secondary 
phenomenon, this infection may result in ulcerative colitis In many 
cases of ulcerative colitis due to a specific infection the local condition of 
an irritable or spastic colon undoubtedly represents an aggravating factor 
which plays a significant r61e m the progress of the disease Nervous 
manifestations occur so frequently m ulcerative colitis that various in- 
vestigators, including Murray (1936) and Sullivan (1936), have recognized 
neurogenic factors as significant in the etiology of the disease Others do 
not support this point of view but recognize the development of nervous 
manifestations m patients who gave no evidence of nervous instability 
previous to the onset of the disease (Jankelson, McClure and Sweetsir, 
1942) Colonic lesions undoubtedly may give rise to nervous disturbances 
which in turn aft'ect the progress of the disease 

In view of the significance of autonomic nervous d^'^sfunction in colitis, 
particularly in the absence of a specific infection, therapy directed toward 
the colonic lesions only is inadequate Efficacious treatment must be 
directed toward the patient as a whole. 

Constipation —The propulsion of the intestinal contents distalward is 
influenced by various factors, including the character of the diet, the 
physiologic state of the enteric nerve plexuses and the influence exerted 
upon them through the extrinsic intestinal nerves, and reflex stimulation 
arising m other parts of the body Faulty propulsion in the large intestine 
usually is associated with overstimulation either of the sjonpathetic or the 
parasjTnpathetic neri es Depression of either division of the autonomic 
system also may result in motor dysfunction of the colon or rectum or both. 

Propulsion of the colonic contents may be retarded due to lack of stim- 
ulating material such as roughage in the diet or due to reflex sjunpathetic 
stimulation which inhibits intestinal motility. Not infrequentlj’^ constipa- 
tion due to inhibition of intestinal motility is associated with disagreeable 
emotional states Constipation due to sjnnpathetic stimulation may result 
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This condition was relieved by hot applications. In general, according to 
their findings, the effect on the stomach of cold applications is similar to 
inhibition produced by sympathetic stimulation, and that of hot applica- 
tions to the effect of parasjmipathetic stimulation v • j 

Ruhmann (1927) showed that Ausceral reactions similar to those elicited 
by localized thermal stimulation of the skin may also be elicited by localized 
mechanical and chemical cutaneous stimulation and that the I'lsceral 
response comes about only after a change in the tonic condition of the 
cutaneous blood vessels m the area stimulated has taken place The 
visceral organ affected, furthermore, undergoes a vasomotor change cor- 
responding to the localized vasomotor change in the skin, t e , cutaneous 
hyperemia results in hyperemia and cutaneous ischemia results in ischemia 
of the visceral organs m question These findings are in full accord with 
the finding of Boas (1926) that bleeding of a gastric ulcer may be provoked 
by hot applications in the epigastric region 
Bing and Tobiassen (1935) pointed out that stimulation within delimited 
cutaneous zones elicits reflex tonic reactions m the corresponding abdominal 
viscera which can be demonstrated by percussion Bing (1936) also 
described cutaneo-visceral reflex responses in the' lungs which he regarded 
as the mechanisms involved in the therapeutic effect on these organs of hot 
applications to the skin Viscero-cutaneous reflexes ^icited by the stim- 
ulating effects of pulmonary lesions, which may be of diagnostic value, 
have been described particularly by Pottenger (1929) 

In a study of the vascular reactions m the viscera elicited by localized 
cutaneous stimulation, in decerebrated cats, Kuntz and Haselwood (1940) 
demonstrated, by means of photographic and plethysmographic records, 
that moderate cooling of the skin elicits reflex vasoconstriction and moder- 
ate warming of the skin elicits reflex vasodilatation in the corresponding 
portions of the gastro-mtestmal tract The results obtained in this study 
also support the assumption that stimulation of the receptors immlved in 
the cutaneo-visceral vasomotor reflexes is associated with changes m the 
tonic state of the cutaneous blood vessels Molander (1941) reported 
similar results of experiments carried out on dogs He also observed that 
hot applications inhibit, whereas cold applications stimulate gastro- 
intestinal motility. Cold applications also result in increased gastric 
acidity. He supported the opinion that ischemia in a visceral organ may 
give rise to pain due to the accumulation of a substance which stimulates 
the pain receptors, and that the relief of visceral pain by the local applica- 
tion of heat to the skin may be explained on the assumption that the reflex 
vasodilatation produced in the viscus results m reduction in the concentra- 
tion of the pain stimulating substance to a level at which it is no longer 
effective 


. Certain clinical investigators, including Ludin (1919) and Boas (1926), 
have maintained that the effect on a visceral organ of heat applied to a 
localized cutaneous area is produced by increased temperature of the 
viscus due to direct penetration of heat through the tissues jManj' signifi- 
cant data do not support this theory For example, strong thermal stim- 
ulation of the skin in the epigastric region lasting for several hours does not 
result m a change m temperature of more than one degree in the stomach 
(Uintermtz, 18 H, Chelmonski, 1894; Iselin, 1911; Ludin, 1919) The fact 
that other means of stimulation which result in localized cutaneous hj-per- 
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CHAPTER XXII 
AUTONOMIC NEUROSUHGERY 


ANATOMIC AND PHYSIOLOGIC CONSIDERATIONS 

Introduction. — Surgical intervention involving partial or complete sym- 
pathetic dener^^ation of a part or parts of the body has become a recognized 
therapeutic procedure in the treatment of patients with diverse diseases, 
particularly abnormal conditions in which limitation of the blood supply 
to the part in question is a prominent factor and conditions characterized 
by dysfunction of the visceral musculature or glands. Autonomic nerr e 
section also is carried out for the relief of intractable pain of visceral origin, 
since the afferent conductors involved traverse the autonomic nerves. 

In order to insure permanent physiologic results by sympathetic denerva- 
tion, the operation must be anatomically complete and carried out in such 
a way that regeneration cannot take place. If the conduction pathways are 
not completely interrupted, the fibers which remain intact continue to 
conduct and the chemical mediator liberated at their terminations may 
activate not only the smooth muscle or gland cells with which they effect 
functional contacts but also adjacent denervated muscle or gland cells. 
Preganglionic neurons possess the capacity for regeneration in a reiparkable 
degree The capacity of ganglionic neurons for regeneration is exceedingly 
limited Experimental data bearing on this problem are set forth in 
Chapter X^TII (p 401). 

The physiologic effects of sympathetic denervation by ganglionectomy 
and by" preganglionic nerve section, particularly with reference to the 
circulation, are set forth in Chapter V Since the vascular musculature 
becomes sensitized to adrenin in the circulating blood in a greater degree 
following degeneration of the postganglionic vasomotor fibers than follow- 
ing section of the preganglionic fibers, leaving the ganglionic neurons 
intact, sympathetic denervation by means of interruption of the pre- 
ganglionic rami must be regarded as more advantageous than extirpation 
of the sympathetic ganglia The prevention of regeneration following 
operation is more difficult, however, in operations of the former type than 
in those of the latter. This applies particularly" to operations carried out 
in the cervicothoracic region Smithwick (1940) described an operative 
procedure in which, following section of the communicating rami of the 
second and third thoracic nerves and division of the sympathetic trunk 
just below the ganglion in the third thoracic segment, the decentralized 
ganglia are covered with a silk cy"linder, the lower end of which is drawn 
lateralward and sewed into the adjacent muscle. Various other methods 
of preventing the regroni;h of preganglionic fibers into the ganglia have 
been attempted with varyung degrees of success. The regrowth of pre- 
ganglionic fibers into the superior cervical sympathetic ganglion can be 
effectively prevented by excision of a relativelv long segment of the cervical 
sympathetic trunk Sympathetic denervation of the lower extremity by 
means of extirpation of the upper Imnbar segments of the s^mpathetic 
trunk, as the operation is commonly carried out, is essentially preganglionic 
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PERIARTERIAL SYMPATHECTOMY 


observed its results in a variety of cases still regard it as a surgical procedure 
to be recommended particularly in cases in which an increased blood supply 
to the extremity promises relief, if the artery in question is not organically 
diseased. Others reject it both on the basis of observed results of the 
operation and the present status of our knowledge of the innervation of the 

peripheral arteries _ 

The peripheral arteries, particularly those of the extremities, denve their 
nerve supply chiefly through branches of the peripheral nerves in proximit}'^ 
to which they lie These branches, which include both fibers of sjunpa- 
thetic and spinal ganglion origin, join the peripheral arteries at intervals 
throughout their entire extent (Chapter ^TII). Although the periarterial 
nerve plexuses on the brachial and femoral arteries are continuous with the 
plexus on the aorta, offsets from the latter do not contribute materially to 
the innervation of the more distal portions of the peripheral arteries. 
Neither do long fibers extend distalward in considerable numbers even in 
the proximal portions of the periarterial plexuses associated with these 
arteries Periarterial sjunpathectomy, consequently, does not bring about 
sympathetic denervation of a peripheral artery 

In view of the anatomic relationships of the nerves supplying the 
peripheral arteries, numerous attempts have been made to explain the 
beneficial results reported following periarterial s\Tnpathectomy. The im- 
mediate result of this operation, as observed by various investigators, is a 
primary stage of local contraction of the denuded artery which is followed 
by a secondary stage of vasodilatation associated with increased pressure, 
as compared with that of the opposite side, and a local increase of several 
degrees m skin temperatme Later the vasomotor reactions revert to the 
preoperative state According to Leriche and Robeneaii (1927), the results 
of periarterial sjmipathectomy are not due to section of efferent fibers 
alone but, at least in part, to reflex vasomotor phenomena which result in a 
general vasodilatation, with the most marked effect in the limb subjected 
to operation According to Colle and Pecco (1928) , periarterial s\Tnpathec- 
tomy induces vasodilatation and hyperdistensibility of the vessels in the 
entire region dependent on the arterial tree which is the site of the inter- 
vention and sometimes also in neighboring regions, and lability of the 
arterial walls 

According to Rogers and Hemingway (19.30), the vasodilatation which 
follows periarterial sxmipathectomy in animals is very transient lATien 
this operation was carried out on the carotid artery in the albino rabbit, 
the resulting vasodilatation in the ear lasted about forty-eight hours. 
Comparison of the temperature of the limb following periarterial sjunpa- 
thectomr^ with that pf the nonnal lunb in the cat indicated no permanent 
vasodilatation 


Not a few investigators have supported the theory that all the beneficial 
results observed, following periarterial s^anpathectomy, are due to h\*per- 
emia resulting from partial sjunpathetic denervation of the arterv (Ivannis 
1922, 1923; Kulenkampff, 1923, Drevermann, 1923, Seifert, *1922; and 
others). Others har^e supported the theory that periarterial sympathectomv 
results m a change m the tonic condition of the entire s^^npathetic svstem 
due to the reflex effect of stimulation of the sensorv fi'bers supplving the 

PnS Kummell, 1923, Kreiblich, 1923; 

Polak, 1926, and others). Still others have advanced the opinion that the 
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the sympathetic trunk between the middle and inferior cervical ganglia 
Jaboulay (1896) divided the sympathetic trunk both above and below the 
middle cervical ganglion in cases of epilepsy and performed sjnnpathetic 
ganghonectomy m a case of exophthalmic goiter Jonnesco (1890 
out a similar operation in a case of glaucoma Ball (1899) extirpated the 
superior cervical ganglion m a case of glaucoma with atrophy of the optic 
nerve The results of these early operations were unimpressive and did not 
stimulate interest in surgery- involving autonomic nerve section or gangli- 
onectomy Stimulated by Franck's (1898) discussion of the incidence of 
angina pectoris m cases of acute exophthalmic goiter and his suggestion 
that anginal pain may be due to an overflow from the spinal cord of im- 
pulses from the cardiac plexus which reach the cord via the inferior cervical 
and first thoracic s;;,nnpathetic ganglia, Jonnesco, m 1916, first performed 
sympathetic ganghonectomy for the relief of anginal pain. Following his 
lead, not a few surgeons became interested m the surgical treatment of 
angina pectoris, with the result that sjunpathetic ganghonectomy became 
a recognized clinical procedure in the treatment of angina pectoris in 
■ selected cases 

The publication in 1924 by Royle and Hunter of their findings in ex^ier- 
imental animals and the clinical results of sjmipathetic ganghonectomy and 
ramisection in cases of spastic paraplegia gave a tremendous impetus to 
the study of the functional relationships of the autonomic ner^mus s.ystem 
and led to the application of surgery involving the sjunpathetic system in 
a wide variety of clinical conditions. One of the most important results of 
this work, on the clinical side, is the extensive application of sympathetic 
ganghonectomy and ramisection m the treatment of diseases in which 
circulatory disturbances in the extremities are pronounced 
During the past two decades surgical intervention has been carried out 
involving nearly all parts of the sjunpathetic division and certain parts of 
the parasympathetic division of the autonomic nervous system. Many 
and diverse surgical procedures have been described, a complete account of 
which cannot be included m the present volume The parts most commonly 
involved in surgery are the sjanpathetic trunks, the splanchnic nerves, the 
celiac, renal and inferior mesenteric plexuses and the hj^pogastric nerves. 
Vagotomy, denervation of the carotid sinuses, partial extirpation of the 
pulmonary plexuses and section of the pelvic nerves have been carried out 
in some cases. In the light of present knowledge of the anatomy and 
physiology of the autonomic nerves, the physiologic results of a given 
surgical procedure can be g,nticipated ivith some degree of certamt}^ 

Surgery Involving the Sympathetic Trunks.— As it has been practiced in 
the past, surgical interference with the sjonpathetic trunk usually has 
involved extirpation of one or more ganglia with the intervening inter- 
nodes This procedure insures complete s;^'mpathetic denervation of areas 
supplied solelj^ through the ganglia m question In certain areas there is 
sufficient overlapping of the distribution of s.^mipathetic fibers arising in 
adjacent segments that extirpation of the ganglia in the segments m ques- 
tion does not insure complete sjmipathetic denervation 
Equally complete functional sympathetic dene^^'ation can be obtained 
by section of the preganglionic fibers alone, leaving the ganglia and the 
pay communicating rami intact Preganglionic sympathectomy of this 
kind IS practiced by various surgeons in order to avoid sensitization of the 
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ysmograph, Foerster (1939) obtained data which he interpreted as indicat- 
ing the presence of sjonpathetic preganglionic fibers for the upper extremity 
in the third to the skth and possibly the seventh thoracic nerves. On the 
basis of results obtained in experiments on Rhesus monkeys^ m which 
action potentials of the peripheral nerves elicited by stimulation of the 
ventral nerve roots were recorded, Sheehan and INIarazzi (1941) reported 
limitation of the preganglionic outflow for the upper extremity to the fourth 
to the eighth thoracic nerves inclusive, with the major outflow m the fifth, 
sixth and seventh Geohegan et al (1942) found no preganglionic fibers for 
the hand in ventral nerve roots above the fourth thoracic in the monkey 
and none above the third thoracic in the cat^ On the basis of experiments 
on human subjects in which the changes in cutaneous resistance were 
recorded during stimulation of anterior nerve roots, Ray, Hinsey and 
Geohegan (1943) reported preganglionic fibers for the hand commonly 
present m the second to the fifth thoracic nerves and in some instances as 
low as the tenth In one of 18 subjects they recognized evidence of such 
fibers in the first thoracic nerve According to their findings, stimulation 
of the preganglionic fibers in any one nerve root elicits secretory activity 
of sweat glands in all the fingers Failure to interrupt the preganglionic 
fibers in only one segment, therefore, would vitiate the clinical results in 
the treatment of peripheral vascular disease 

In an experimental investigation carried out on cats and dogs, Ivuntz, 
Alexander and Furcolo (1938) found that stimulation of the ventral roots 
of the first thoracic nerve elicited vasoconstriction in the distal parts of the 
limb and activation of the sweat glands in the paw pads With the stellate 
ganglion and the gray communicating rami connecting it with the brachial 
plexus left intact, in their experiments, complete sympathetic denervation 
of the upper extremity could not be effected without interruption of the 
white communicating ramus of the first thoracic nen^e 
Since these results are not in complete agreement with those cited above 
and in view of the importance of complete sympathetic denervation of the 
upper extremity in various clinical conditions, as indicated by the reported 
failures to achieve complete functional elimination of the sympathetic 
nerves, particularly in the distal parts of the upper extremity, in certain 
clinical cases in which the white communicating ramus of the first thoracic 
nerve, the stellate ganglion and the gray communicating lami connecting 
It with the brachial plexus were left intact, Kuntz and Dillon (1942) carried 
out a further series of experiments on cats and Rhesus monkeys, with the 
aid of the photoelectric plethysmograph, to determine the presence or 
absence of preganglionic fibers m the first thoracic nerve which are func- 
tionally related to the sympathetic innervation of the upper extremlty^ 
The photoelectric plethy'smograph is a convenient deAuce for recording 
changes in the volume pulse ware, particularly in the distal segments of 
the digits, due to reflex vasoconstrictor stimulation, and is higlily^ sensitive. 
In the experiments reported by Kuntz and Dillon, the stimulus (ice or 
faradie stimulation) was applied to one of the other extremities while the 
volume pulse wa^'es in the finger or toe pads were being recorded With 
the animals under nembutal anesthesia, records were taken before oper- 
ation, after removal of the second and third thoracic segments of the 
sympathetic trunk, leaving the communicating rami of the first thoracic 
nerve and the stellate ganglion intact, and after removal of the stellate 
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of vasoconstriction could be elicited in certain of the fingers, probably due 
to the presence of sympathetic fibers which join the brachial plexus from 
the nerves m the vertebral canal (Van Buskirk, 1941), which had not been 


The technic employed in these experiments obviates the criticism which 
may he raised against the results of experiments in which ventral nerve 
roots are stimulated directly The recorded changes in the volume pulse 
waves, furthermore, cannot be due to increased output of adrenin, since 
no record of volume pulse changes in the digits could be obtained following 
complete sympathetic denervation of the extremity ^The results of these 
experiments fully corroborate the earlier findings of Ivuntz, Alexander and 
Furcolo cited above and seem to demonstrate conclusively the presence of 



Fig 90 — Photoelectric plethysmographic recoids from finger pads of a Rhesus monkey- 
under anesthesia induced with soluble pentobarbital A, before operation, B, after extirpa- 
tion of the second and third thoracic segments of the sympathetic trunk. Faradic stimulation 
in the femoral region was begun at the first maiker and discontinued at the second (Kuntz 
and Dillon Courtesy of Arch Surg ) 


some preganglionic fibers in the first thoracic nerve which are involved in 
the sympathetic innervation of the distal parts of the upper extremity. If 
the distribution of the preganglionic components of the first thoracic 
nerve m the stellate ganglion in man is comparable to that in the monkey 
complete sympathetic denervation of the upper extremity obviously can- 
not be accomplished hy any operative procedure which leaves the pre- 
pnglionic components of the first thoracic nerve, the stellate ganglion and 
its graj' communicating rami intact 

Cendcothoracic sjunpathectomy, including the upper three thoracic 
segments of the sjanpathetic trunks, eliminates the major portion of the 
s>Tnpathetic innervation of the thoracic viscera. Complete s;)Tnpathetic 
denervation of the heart and lungs can be effected by extending the oper- 
ation low enough to include the lowest sj^anpathetic trunk ganglia from 
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the results of this operation in the lower extremity have been more satis- 
factory than the results of cervicothoracic sjonpathetic ganglionectomy in 
the upper extremity. This difference probably can be explained most 
satisfactorily on the assumption that the vascular musculature becomes 
sensitized to adrenin in a lesser degree in the presence of intact postgangli- 
onic fibers in the lower extremity than following degeneration of the post- 
ganglionic fibers m the upper extremity. 

Splanchnicectomy. — Splanchnicectomy consists in interruption of the pre- 
ganglionic fibers to the ganglia of the celiac, superior mesenteric and other 
plexuses associated with the abdominal aorta and its branches Section 
of the splanchnic nerves arising from the thoracic and upper two or three 
lumbar segments of the sjmipathetic trunk alone does not effect complete 
functional sjmipathetic denervation of the abdominal and pelvic organs, 
since numerous splanchnic rami comprising mainl}^ postganglionic fibers 
arise from the sjunpathetic trunk in the lower lumbar and sacral segments. 
In the cat, according to Harris (1943), approximately 3,000 postganglionic 
sjunpathetie fibers coni’erge upon the inferior mesenteric plexus Complete 
functional sjunpathetic denervation of the abdominal and pelvic organs 
can be accomplished by section of the splanchnic nerves and extirpation of 
the lower thoracic and upper two or three lumbar segments of the sjnnpa- 
tlietic trunks Regrowth of preganglionic splanchnic fibers into the ganglia 
in question can be effectively prevented by resecting segments of the 
splanchnic nerves as long as possible, particularly those arising above the 
extirpated portion of the sjmipathetic trunk. Operative technics employed 
in splanchnicectomy have been described by various surgeons including 
Craig (1934), Feet (1935), Allen and Adson (1940), and Smithwick (1940). 

Presacral Neurectomy, —Resection of the hypogastric plexuses is carried 
out particularly for the relief of intractable pain of pelvic origin This 
operation does not effect complete sjnnpathetic denervation of the pelvic 
viscera, since the sacral and some of the lower lumbar sjnnpathetic rami 
join the pelvic plexuses directly It probably interrupts all the visceral 
afferent fibers associated with the s^unpathetic nerves which reach the 
pelvic viscera. These obviously include most of the fibers which conduct 
impulses of pam from pelvic visceral receptors, since pain of pelvic origin 
has been relieved in many instances following this operation. In cases of 
extensive pelvic disease, particularly malignancy which involves the 
parietal peritoneum or other somatic tissues, the conduction of painful 
impulses is not limited to the hypogastric nerves 

Resection of the inferior mesenteric plexus with the superior portions of 
the h^Tpogastric plexuses has been advocated particularly by Rankin and 
Learmontli (1930) for sjunpathetic denervation of the distal portion of the 
large intestine in cases of congenital megacolon. This operation does not 
effect complete sjonpathetic denervation of the descending colon for the 
same reason that resection of the lnq)ogastric plexuses does not completely 
eliminate the sjmipathetic innervation of the other pelvic viscera. 

Vagectomy.— Bilateral resection of the vagal connections with the 
posterior pulmonary plexuses was first carried out by Phillips and Scott 
(1929) for the relief of bronchospasm of neurogenic origin. Reinhoff and 
yay (1938) reported bilateral resection of the posterior pulmonary plexuses 
in cases of severe asthma. This operation undoubtedly eliminates the 
major portion of the parasjmipathetic innervation of the bronchial muscu- 
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CHAPTER XXIII 

AUTONOMIC NEUROSURGERY (Continued) 

PERIPHERAL VASCULAR AND CARDIAC DISEASES 

Peripheral Vascular Disease.— Anatomic and Physiologic Considerations. 
— Peripheral vascular disease is characterized by limitation of the blood 
flow through the peripheral vessels due to hjTiertonus or spastic contraction 
of the vascular musculature or partial occlusion of the vessels due to^ local 
lesions In either case two major processes are at Avork. (1) obstruction of 
the arteries and (2) development of collateral circulation Either of these 
processes may become dominant The former is essentially damaging; the 
latter reparative (Montgomery, Waide and Freeman, 1941) Hypertonus 
or spasm of ‘the vascular musculature is mediated through the vasomotor 
nen’^es which may be activated reflexly or by impulses emanating from 
central autonomic centers Since the peripheral vasomotor nerves are 
sjnnpathetic, interruption of the peripheral s^unpathetic conduction path- 
ways must effectively abolish responses of the vascular musculature to 
nerve impulses in the affected area If limitation of peripheral circulation 
is due lo organic obstruction of arterial vessels, the vascular musculature 
may exhibit hypertonus in some degree Sjunpathetic denervation of such 
vessels results in increasing the flow of blood through them to the extent 
that the lumina are increased due to blocking of the tonic nerve impulses 
If the collateral circulation is highly dex^eloped, the blood supply to the 
part in question may be markedly increased following sjanpatlietic denerA’a- 
tion even though the effective lumma of the partiallj^ occluded A^essels are 
not appreciably enlarged 

Although complete sjmipathetic denerAmtion of an extremity results in 
paralysis of its Amsomotor nerves, the increase m the floAv of blood obserA^ed 
immediately after operation is not maintained at the same leA’el. Restora- 
tion of tonus in blood A^essels following a period of relatRe atonicity im- 
mediately after SAunpathetic denerA^ation is a common physiologic phenom- 
enon Sensitization of the Avascular musculature to adrenin in the circu- 
lating blood following degeneration of the postganglionic vasomotor fibers 
may result in a relatively high degree of tonus which, according to certain 
investigators, reaches its maximum in eight to ten days and then gradually 
subsides (Simmons and Sheehan, 1937) Studies inAmlving measurements 
of the blood flow in extremities of experimental aniinals following sjonpa- 
thetic denervation do not support the assumption that it remains aboA’e 
the normal leA’^el but for a relatiA'ely short time. 

In experiments earned out on dogs m which the A-olume flow of blood 
Avas approximately equal in both femoral arteries before operation, Her- 
rick, Essex and Baldes (1932) found the minute A^olume in the femoral 
artery on the side of the operation approximately double that on the 
opposite side folloAving unilateral lumbar sjunpathectomy In experiments 
reported by Jolmson, Scupham and Gilbert (1932), the blood flow in the 
extremity had returned to the preoperative leA’el twenty-one days after 
sympathectomy. According to observations extending oA-er a long period, 
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ns n ported h\ 1 sst\ IkrrifK IJnhhs mid Mm> (I9H) tlit Hrm of lilood 
in the left hind linih of a doR was nppmxitnat(I\ tint in the nzht 

ten immtlis and t\M-ntN*fi\< da\H nftir lift liiinlnr s\mipithcctorn\ but 
nfter niia. and ten m irs it was iipi>ro\nnatilN apml in IkiIIi hind limbi 
liu MHsils 111 tin lift hind tiiiib nirt profonnillv *11 risitive to ndrenm l>oth 
nnu and tin mum aftir opiration stlitrciLs thonc of tin npht hind limb 
nactiHl nonnalK to ndriinn Ilistolo^ual ixainination of tlu diptal 
\tssi!s ten Murs aftir oiHration riMaliH! inarkiHl h\[nrtroph\ of the 
nrtiriolar tmistli in tin hftliml) wlannstlK arliriolos m the digits of the 
nglit hinb should no h\|HrtropI)\ 

In expininintal animals till t(m|Nmir\ nun isi in iirciit itmn of a limb 
following its ssnnpithitii (hni nation rtsnlts in 1 rise in surface temper 
aturi and intriiisisl rtdni*^s in am tnlnneoiisana in which the color is not 
obscured ))\ pigment Smipitluctoinv in man also commonh results in 
a nsi in surfnti ti rninraturi and iiu itasisl rwlncs^i of the skm m the area« 
nlTetteil In a cartful cnloninrtnc studs of the ixtrimities following 
lumbar s\inpit!ietic gnaghonectoim llniwn and \dson (102)) founds 
mnrkcil intn w m the lutKhiition and radiation of bent m the legs and 
fett Heat prrxluition and hi it lunductinn in the fist were increased 
2(K1 to ‘KXl |)or isnt Ihe skm lin)jK*niturt of the feet was increased 
2° to 0® C 1)( tonmiiations of skin tcmjx ratiire of the legs and feet before 
ojieration showisl a dcircasc towari! the ptriplicrt After opention thn 
condition was rc\irsisl, the feet iKcnmc nlativiK wanner Perspiration 
also was absent similar nUimtions in skm teinpcmture and heat chmina 
tion following simp ithcctoim m < ises m whub tin blwK) supplv to the 
istrcimties wius diminished Infore o|Hntion hnse liecn reportcil h\ nian\ 
investigators 

In tlie nniinnl experiments citix! alxivi the volume blood flow in sim 
pathcctomired cxtnmities gmdualK returned to nppmxiinntclv the pre- 
opirativc level 'liu vascular tonus rcgamcil after panlvsis of the 
vasomotor nerves hv snnpnthcctomv obvioudv ilid not exceed the normal j 
preopirativc tonus In man if tbi vessels of an cxtremitv are constricted 
licforc opention due to txaggcratixl va'*omotnr tonus there is no rea>on 
to assume that tlicv will eontnit l>evond their normal cnhlKTs m the 
rciuljustmcnt following removal of the vasoconstrictor influence con^ 
quentlv, the blood supplv to the cxtnmitv mav rennm permnnentlj 
mcrenscil 

Preoperative Tests —In the silcction of patients for treatment b\ si-m 
pathetic denerv ation the determination of the capacitv of the v nscular bed 
to transmit more hlooil is one of the most important factors Surface 
temperature detcnnmations nlTonl n useful index if interpreted with 
reference to the conditions of external temperature and humiditv under 
which thev are made On vtrv hot class or in the presence of fever the 
capacitv for nonnal peripheral vasoconstriction is lost and skin temper 
ature tests are of no value At onlinirv temperatures the normal vas<> 
constrictor gradient incrcises toward the penpherv so that the fingers and 
toes are the coolest points on tlit surface of the bodv Reraov al of the 
tonic influence of the vasomotor nerves results in abolition of the temper 
ature gradient m tlie extremities and all parts of the bodv surface reach 
approximately the same temperature level Morton and Scott (UaUj 
have designated the miximum vasodilator response of normal arteries as 
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“the normal vasodilatation level ” In extremities in which the vasoccm- 
strictor nerves have been released by elevating the body temperature or by 
regional or general anesthesia the lower limit of this level may be taken at 
86 5° F ^^en the room temperature is 68° F., the temperature at the 
tips of the fingers and toes should rise to 90° F or over If this does not 
occur, organic vascular disease may be suspected (White and^ Smithwick, 
1941). The total rise in the skin temperature of a given digit, following 
vasomotor inhibition, is less significant as an index of the capacity for 
vasodilatation than the proximity to which the rise approaches the normal 
vasodilatation level The magnitude of the former response depends in 
part on the initial temperature of the extremity ; the latter is a measure of 
the degree of arteriolar dilatation. 

The preoperative tests commonly used to differentiate between limita- 
tion of the flow of blood by vasospasm and by narrowing of the arteries due 
to local organic lesions fall into four categories; 

1 Neive Block— Uln&T nerve block at the elbow to paralyze the vaso- 
motor nerves of the little finger so that the consequent rise m temperature 
in this digit could be observed was utilized by Lewis (1929). Morton and 
Scott (1930) advocated blocking of peripheral nerves (ulnar, median, 
posterior tibial) as the simplest method of estimating the vasodilator 
response. They also reported the use of spinal anesthesia for the purpose 
of estimating the capacity for increased blood flow in the lower extremities 
Brill and Lawrence (1930) reported the use of spinal anesthesia for the 
same purpose I^fliite (1930) pointed out that the vasomotor nerves in 
the extremities may be blocked temporarily by paravertebral injection of 
procaine quite as effectively as by actual section of the sjonpathetic nerves. 
All of these methods afford a quantitative measure of the elevation of 
peripheral temperature which can be expected following sympathetic 
denervation. Blocking with procaine undoubtedly is the most accurate 
means available for studying vasomotor activity 

2 General Anesthesia — Anesthesia induced by most of the general 
anesthetic agents commonly employed is accompanied by vasodilatation 
tluoughout the entire cutaneous area comparable to that produced in a 
limited area by procaine block of sjunpathetic ganglia or peripheral nerves. 
Undp- general anesthesia, the vasoconstrictor gradient in the extremities is 
abolished as soon as the anesthesia reaches a stage which produces moderate 
muscular lelaxation The elevation of the skin temperature in the distal 
parts of the extremity, therefore, affords a reliable index of the vasodilator 
capacity In spite of its effectiveness as a method for the quantitative 
estimation of the capacity for peripheral vasodilatation, the common use 

^ of general anesthesia for this purpose is unwarranted since its induction 
and after effects are more disagreeable to the patient than are other 
methods 

3. Heating the J?odi/.— Lewis and Pickering (1931) described a method 
which involves heating of the body of the patient in a cabinet from which 
me head and arms protrude into the cooler atmosphere of the room (68° F.) 
latients without arterial occlusion respond to this treatment by rapid 
Wcmming of the hands to the normal vasodilatation level as soon as the body 
within the cabinet begins to perspire. Coller and Haddock (1932) induced 

1 blankets and a rubber sheet Pickering 

UJ3*.) has shown that vasodilatation occurs in the skin as soon as the 
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ttmptratnrt of tin blood »•« ikxnti**] 0018'’ t(» 0072'^ I’ (OOr to OOJ’r) 
and that tlii’> risponst is mrdmtul tlinMi;,h tlit ctntnil licnt rpj,ul itir 
in((liatU'>in 

(iihhon and Ijindis (10 12) dfscnlK‘<! u iin tliral of incrcnsin/T t!ip temper 
atnrc of tlic Wood In luiMii^ the pntnnt sit ^\ith hfrs and forcamw im 
niirveel in liot water (110® to 112* I ) while the txtrenuts tola U-'ted u 
(Kposed to the atmosphere of the roeim In the nl»<i<ne‘c of lea il 'irte-ui 
lesions diintntiem eif the ciitaneotis \css<1h iKComes nppirent in fiften 
minutes and shnitld lx (ompUte uithtn tliirtv niinitte*s 

'Ihest me llioeN ejf lirntmt, the laxh anri still otlure whidi fine lata 
re.porte<l are extreme 1\ simple and imn In’iitihrc'el with little mcomenience 
to tlie piticnt i he ri’sults tisiinll\ are cxmipanhle to tlier-e. e)f nene 
hlockmj, with prociini In tn <*h hi whteh the re'Sjionoe i-e not cleanout 
tiu }> itie lit tiiin lie tt'steel a/^am with prexuiim Mock 

1 I oTciqn Protein Injectton —'Jlie cnrlH“st pniLtical metlaal of differ 
e ntiatmt; limitation of < ircnlatitm in tlie e xirt mitie-s eliit to \n<^r<pxni froQ 
tint diiL to orj,am( arterial occIuhioii was ilexHcel In Ilniwn (1^2t*) It 
itnoUes the prtHlurlion of artifieiil fe\cr l)\ the mtm\inoin injection ofa 
foreign prote.m and miisttrinj^ the cirteilatorx resjxms< m the extrrmitie> 
duniiR the fe\er nxuiion *lhis metheMi nlilumRli cfTettne Im quite 
t^tnenlK fallen into disuse Ix-e-iUM the intense fthnlc reaction is cxtrcmcl 
elisaj.rexahle to the pitaiit niiel, in cjlsc^ of n<l\nntx*el orjrum 
dist isc dhtmetU diiipe rolls 

K&yn&uds Disease — 1 he term ItaMniid s elM'Ose Ins Intn loo^dv 
applieel m the past to a wiele xnrittx of circuhtorx dwinlop* In nrtlcr 
properlv to limit this term, the Ciixiilatnrx CImit eif the Ma.«N'icIiiLetU 
Geiiernl Hospital has drawn up the followinj: elefimtion ‘Kaxuauels 
diseist is a form of peripheral Mistiihr elistiirlnncc t-iu exl h) tome con* 
triUion of the smaffer arteries in the extnmifies without olnintis pitho- 
lopic-il thanj,es m their walls It coinmonK iinohes snninttrienl srca> 
m the Imnels or feet eausmf: txcosno perspiritmn nnel tirtuhtors stasis 
w ith periods of cs nnost', or p dial nspln’M i I he sex ere eases po on to e^r^ 
paiiRreiie of the j)lnlan{:e*s ihe spisin is intermittent nnel e)CciiR> on 
exposure to colef or cmotioinl stimuli, it nnolvcs onl\ the termiml irteno 
w Inle the m im \ csscU continue the ir iinninl pul-' itiniis llu di'CS'^ n’®"* 
ereimnioiilv occurs m soimp miintilinis with h\j)cnrntal)lc ncrM>us con 
stitutions ’ 

According to IlaMinud s emgmal necemnt this disc isc nnsc» na a 'i*®* 
motor neurosis "Most of the more recent uncstipntors siipjwrt the 
opinion After a prolongexl perieKl of resulting circuhtor\ stasis scconem' 
changes take pi ice m and around the digital arterioles On the baMs of an 
extensile senes of excwelmgh interesting ohserintiems, Ixiwis (W29) con 
eluded tint the undcrlimg cause of the circulaton disorelcr m Jla\'naua& 
disease is not i isoconstrictor Injicrirrctahihtj hut a local lesion iniohmst 
the smooth muscle of the arterioles Aceonling to his conception the 
digital irtcnolcs tlicmschcs art hi'pcrsensitue to cold and respond to 
chilling b\ abnormal contraction \Nith this imdcrlimg hi'persensitne 
incclnnism, the normal sanations m xasoinotor tonus are sufhcient to 
bring about all the circulators changes obsenod in Rnxnnud s disease 

Tollow mg the publication bx Lewis of Ins findings Simp'^on Brown an 
Adson (1930) undertook a further studi of the factors underlying tlie cir 
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culatory disturbances in Raynaud’s disease. ^ In early and relatively 
uncomplicated cases, according to their findings, the digital arteries and 
arterioles show no abnormal changes, but the abnormality lies wholly in 
the vasomotor nerves Complete s^nnpathetic dener\ation by operation 
or anesthesia completely removes the sjTnptoms in these cases In severe 
and complicated cases, they found abnormality both of the \asomotor 
nerves and the digital arterioles They interpreted the abnormality of the 
digital arterioles as a late effect of the disease In their experience, lumbar 
sympathectomy never failed to abolish the manifestations of the disease 
in the feet Cervicothoracic sjanpatheetomy failed in some instances 
permanently to abolish all the circulatory manifestations of the disease in 
the hands This may be due m part to the changes in the digital arterioles 
but, in some of these cases, they also found evidence of the existence of 
some functional sympathetic fibers in the extremity following the operation 

On the basis of the responses to local cooling of the digital vessels m 
relatively advanced cases of Raynaud’s disease, Lewis (1936) concluded 
that vasomotor tonus is normal in these patients and that the peripheral 
spasm is due to inci eased reactivity of the musculature of the digital 
arteiioles to cold According to his account, a typical localized vasospastic 
attack may be induced by cold stimulation applied at the base of a finger 
without causing a generalized reaction of the sjunpathetic nerves He also 
stated that complete blanching of the fingers cannot be brought about by 
vasoconstrictor reflex activity while the hand is at rest below the level of 
the heart Observations reported by certain other investigators, particularly 
Simpson, Brown and Adson (1930), do not corroborate the latter claim. 

In a comparative study of the digital vascular pathology m warm 
handed individuals with that observed in various stages of Raynaud’s 
disease, Lewis (1938) found that thickening of the mtima occurs commonly 
in the former group after the age of fifty, and is no more marked in the 
earliest stages of the disease in the latter group in patients of comparable 
age The media exhibits no evidence of hyperplasia in the early stages. 
In more advanced stages of Raynaud’s disease tlirombotic obstruction of 
the digital arteries in various stages of organization is a common phenom- 
enon In advanced stages, the capillaries commonly exhibit a character- 
istic pattern involving striking elongation, tortuosity and dilatation of the 
loops, particularly in the nail bed, in which stagnant erythrocytes become 
concentrated. 

Lewis has interpreted the observation that spasm of the digital arterioles 
may be induced by local cooling after sjunpathetic denervation as support- 
ing his contention that the reaction is due solely to a local fault in the 
digital vessels Certain other data fail to support this conclusion but 
indicate that such residual r-asospasm may be explained more satisfactorily 
on the basis of increased sensitivity of the denervated arteriolar muscula- 
ture to adienin (Chapter V) This phenomenon is more striking in the 
hand than in the foot, due to the more complete degeneration of the post- 
ganglionic vasoconstrictor fibers after sjnnpathetic denenmtion of the 
upper extremity, as the operation usually has been carried out. It is not 
without interest in this connection that Lewis (1938) also recognized pre- 

sympathectomy as more effective than ganglionectomy for the 
relief of vasospasm. 

Lewis undoubtedly has made a notable contribution in pointing out that 
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the pcatient, the capacity for vasodilatation in the extremities should be 
determined by one of the preoperative tests outlined in the present chapter 

On the basis of the results obtained in 83 sympathectomies in 54 patients 
with Raynaud’s disease and other peripheral vascular disorders with 
spasticity and without spasticity, Shumacher (1943) concluded that sjon- 
pathectomy j'^ields excellent results in Raynaud s disease and other purely 
vasospastic circulatory deficiencies The extremities usually become warm 
and dry and the vasospastic attacks cease. Emotional stimulation no 
longer initiates attacks but in a small percentage of cases the extremities 
continue to cool abnormally on exposure to low temperature, probably due 
to local lesions of the peripheral vessels. 

Scleroderma.— Scleroderma not infrequently is associated with Raynaud’s 
disease. In certain cases in which this association existed, sympathectomy 
for the relief of Rajmaud’s disease was followed by improvement in the 
condition of the skin In other cases, sympathectomy carried out in the 
treatment of scleroderma has been beneficial in some but resulted in no 
marked improvement in others. Adson, O’Learj’’ and Brown (1930) 
reported excellent results particularlj’^ in early cases in which little fibrosis 
and atrophy had taken place. In the more advanced cases the pain was 
greatly alleviated and the vasomotor crises subsided The results of sym- 
pathectomy reported by Leriche, Jung and de Bakey (1937) are less strik- 
ing In their experience, sympathectomy in a relatively small number of 
cases was followed by improvement in the condition of the skin in varying 
degree m approximately two-thirds of the patients The results of parathy- 
roidectomj’- in another series of cases, as reported by these investigators, 
were somewhat better Since patients with scleroderma exhibit disturb- 
ances in calcium metabolism and the calcium content of the skin is increased 
(Kaether and Schaefer, 1940), s;^mipathectomy combined wdth parathy- 
roidectomy might be expected to yield more satisfactory results than 
either operation alone, particularly in cases m which there is a marked 
element of vasospasrh. 

The etiology of scleroderma as yet is not fully known Thickening of 
the musculature of the peripheral arterioles and hypertonus of the per- 
ipheral vessels have been reported repeatedly Since scleroderma is fre- 
quently associated with Raynaud’s disease and other peripheral vascular 
disorders, evaluation of the clinical syndrome and the results of diagnostic 
tests must be made in the light of this fact Both peripheral and central 
autonomic nerve lesions have been reported particularly in cases in which 
scleroderma is obviously associated with Raynaud’s disease (Sunder- 
Plassmann and Jaeger, 1940). Hoff (1941) reported a case of scleroderma 
associated with diabetes caused by a tumor in the hypothalamic region in 
which both disease processes subsided following surgical removal of the 
tumor. In another case reported by Hoff, administration of ergotamine 
over a period of two years resulted in typical scleroderma which cleared up 
after the medieation was discontinued. Other evidence that autonomic 
dysfunction is a factor in the etiology of scleroderma is not wanting For 
example, the fluctuations m the flow of blood in the skin corresponding to 
fluctuations in the external temperature and the spontaneous improvement 
m the condition of the skin frequently observed following febrile reac- 
tions afford comfirmatory evidence of exaggerated vasomotor tonus Other 
lactors related to endocrine dysfunction undoubtedly are present in most 
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CEJiOXlC VLCERATIOK OF EXTREMITIES 

group included only cases in n-hicli preoperati'i'e tests indicated a healthy 
collateral arterial circulation and a flerible arteriolar bed in which muscular 
tonus was maintained at a level so high that conservath e therapy- as oi 

no avail. . , , ^ ^ 

In a later communication, Atlas (1942) pointed out that surface temper- 
ature determinations do not, in all arteriosclerotic patients, afford a reliable 
criterion for evaluating the nutritive efficiency of the circulation through 
the feet, since surface temperature apparently is controlled by the volume 
rate of blood flow through the arteriovenous anastomoses. In the presence 
of advanced arteriosclerosis in the feet, s^unpathetic denervation may 
actually produce disastrous results because, in the absence of an effective 
collateral circulation, elimination of the vasomotor tonus permits so much 
blood to flow through the arteriovenous shunts that the volmne flow 
through the capillary bed is insufficient to supply adequate nutrition and 
oxj-gen to the tissues. In his experience, sjunpathetic denervation has been 
followed by gangrene in the foot in certain cases. 

In the presence of extensi^'e arteriosclerosis, according to Atlas, evalua- 
tion of the capacity of the arteriolar and capillary bed in the foot to dilate 
requires more than a single test. Constant and severe pain in the foot, 
extreme pallor on elevation, cyanosis and reddening on dependency, 
atrophy of the skin and subcutaneous tissue with loss of elasticity, signifi- 
cantly delayed filling and emptying of the dorsal venous arch, and intensifi- 
cation of the pain and cyanosis on immersion of the foot in warm water 
indicate advanced involvement of the collateral circulation in the arterio- 
sclerotic process This combination definiteb’’ contraindicates s;i'mpathec- 
tomy Its absence indicates an open and healthy collateral circffiation. 
Only patients in which it is absent may be regarded as suitable for sjmi- 
pathectomy. 

Chrome Ulceration of Extrenuties.—Deep thrombophlebitis, varicose veins 
or bouts of cellulitis, particularly in the lower third of the leg, may be fol- 
lowed by chronic indolent ulceration. This condition may be accompanied 
by vasospasm due to hj-peractivity of the vasomotor nerves or induced 
reflexly by the peripheral irritation, particularly in cases in which pain is a 
significant factor. Improvement following sjunpathectomy has been 
reported particularly in cases in which preoperative tests revealed a large 
element of vasospasm (Craig and Brown, 1930). White and Smithwick 
(1941) reported beneficial results of sympathectomy in the treatment of 
certain cases of tlirombosis of the brachial artery with chronically impaired 
circulation Beneficial results of sympathectomy in the healing of both 
infected and uninfected wounds in the extremities also has been reported 
(Rieder, 1927) 

The production of reflex vasospasm in the extremities elicited by* per- 
ipheral I’ascular irritation has been demonstrated experimentally* by* 
Strieker and Orban (1930), Reichert (1932), Oughterson, Harvey* and 
Richter (1932), Theis (1933), de Bakey*, Burch and Ochsner (1939) and 
others. In the experiments of de Bakey* ei al, reflex spasm of peripheral 
arteries and veins elicited by* chemical irritation of a venous segment 
resulted in marked diminution of peripheral pulsations and a rise in A^enous 
pressure, which were abolished by'^ interruption of the sympathetic nerves. 
Ochsner and de Bakey (1939, 1940) haA*e emphasized the importance of thi^^ 
reflex mechanism m the production of the clinical manifestatir 
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sjTupatlietic denervation m lij^pertensive patients (Corcoran and 
1941, Selzer and Friedman, 1941; Findley, Clinton and Edwards, 194-). 
The 1 eduction m blood pressure observed in these patients following 
splanchnic denervation probably is due mainly to the increased capacity of 
the vascular bed in the sjmipathectomized area. 

Unilateral splanchnic resection for the relief of hj^iertension was reported 
by Fieri as early as 1932 Adson and Brown (1934) reported an operative 
technic involving lammectomy and section of anterior spinal nerve roots. 
Craig (1934) reported resection of the splanchnic nerves by a subdia- 
phragmatic approach. Feet (1935) reported splanchnicectomy by a supra- 
diaphragmatic approach. Crile (1937, 1938) reported celiac gangli- 
onectomy. These operative procedures have been variously modified bj^ 
their authors and other siugeons The literature bearing on the surgical 
treatment of hypertension has become too voluminous to permit of a com- 
plete review in this connection. Among the more significant later reports 
may be mentioned those of Freyberg and Feet (1937), Adson and Allen 
(1936), Allen and Adson (1939), Feet, Woods and Braden (1940) and 
Smithwick (1940) The operative procedures, as most commonly carried 
out at present involve splanchnic resection combined with extirpation of 
several segments of the sjunpathetic trunks in the lower thoracic or the 
upper lumbar region or both, the common aim being extensive vascular 
denervation Splanchnic nerve resection and sympathetic trunk extirpa- 
tion by which such extensive vascular denervation may be achieved are 
suggested in Figure 91 

The report of Feet, Woods and Braden (1940) summarizes the results 
observed in 350 consecutive cases operated upon by Feet during a period of 
seven years. The operative procedure employed was essentially Bie same 
in all cases and included bilateral supradiapliragmatic splanchnicectomy 
and lower thoracic sympathetic gangl^onectomy^ According to their re- 
port, 86 6 per cent of the patients experienced postoperative relief of the 
major symptoms, especially' headache, 81.3 per cent showed relief of inca- 
pacitation or improvement in this respect and 51 4 per cent showed signifi- 
cant reduction in blood pressure The most favorable results were obtained 
in patients under thirty years of age In older patients age appeared to be 
but a minor factor in the results of the operation. On the basis of the results 
obtained, which in many^ cases have continued over a period of y'ears, they 
concluded that this form of surgical treatment offers a better prognosis in 
cases of severe hypiertension than therapy' of any'' other kind as yet reported. 

In a discussion of 300 cases treated by’^ bilateral subdiaphragmatic 
splanchnicectomy and extirpation of the two upper lumbar sympathetic 
trunk ganglia, Allen and Adson (1940) listed the results in 224 patients, 
with respect to reduction in blood pressure, as good m 13 per cent, fair in 
18 per cent, temporary in 39 per cent and poor in 30 per cent. In their 
experience, clinical symptoms invariably disappeared with reduction in 
blood pressure and in some instances the patient continued without clinical 
symptoms even though there was a gradual return of increased blood 
pressiue. They emphasized the importance of early operative treatment, 

before the renal and cardiovascular tissues have suffered irreparable 
damage ^ 

In discussing the results of splanchicectomy by the supradiapliragmatic 
and the subdiaphragmatic approaches, a combination of these two pro- 
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(((lures sj»lniiclini(«<.l(iTn\ rcmibiiird with In! Jt(ril (xtirjntKin of the 
upptr t\u) or tljrpt liiml) ir H>iii|mtlK(i( trunk yinglm, and Smith 
wick’ Im\( pointed out that the rexiuctiou m likHwl prensiirt Ixaitnn 

more Hij^nifionnt as tlie' spTatuluiic deiunation iHComcs more ttimpkfp 
pnrticularlv wlun the pittint (ihsuiik^ the upn^lit petition In some of 
tlicir eans wliicli slitiwcd no apiiri'e inh)e resluction in 1 )!(kk 1 pressure fo! 
lowiiif^ spInn(Iini(e'ttoiii\ niom i»\ the supnuii i;>lsni^nnti< ni>proacIi, a 
significant reduction was nuuntained exeninthe liorirontni position afte’ 
additional hilate ral e xtirp ition of the liitnhnr s\ nip itlictic trunk 
'liiis openition olixiotisU eflects sxinpitiiLtic dinerxation of the lower 
( xtreinitu's ns well ns of the spItnM hiiie are i 

In the li^ht of all tlie data aMiiliihle it is npp m nt th it in eertainhx'per 
tensive pitients the Mood pn*sHiin ran In sii^rii/u'antlv and iKmnnentI) 
lowered h\ splnnclimesetoinx In •'Oinc of these piticnls a iiircnia' Ijc 
tireetesl In others the spnn of life tiiax lx inert isctl I’lititiits m whon 
the blood pressure is signilieantK lowensl almost invanthiv experience 
nriprovLine ut in sxniptotns and show fnxonditi <hin^.cs in rend canine 
ocular nud cerehrn! l^nnlfl-^latlolls if present Ixfort operitinn Mo«t of 
the pitients snhjectesl to splaiulnnexitoiiiv haxe shown no si^ificant 
reduction in Mood pressure hut iiiiinx eif thest liaxt ohtainesl snnptomatp 
relief in a hij,Ii dej^feH and have Me n nhh to n tiini to work Some hwf 
cx|Hrien(Xsl no improvement of aiiv kind 

Ilvpirtensivc pitients olivioiislv should 1 h Mhetod for opcntiou with 
jjn it c ire Aecxirdinj; to Allen and Xdson the results of opentmn 

t in he predicted with rensonahit exrlaintv on the Imms of tlie re’sjwnscof 
the hlexHl pressure to rest and slexp and the indue tion of soeMtion bv 
mg(*stion of sodium amvtal or the intravenous injeetion of pentntrul 
sodium If the hhKx! pas^surt fails to elroji to tlie normnl level emse;dation 
renal function is iinpoasl, or thea is tvidentx of advnnctsl va'^nbr 
chanRC!} such as cerehml nccideiits and pirticnhrlv impaias! canhac 
function, unfavorable results mnv Ik. anticipates! 

Other Conditions Improved by Increased Circulation —Antennr Vohom 
chits —In V lew of tlie inanifi stations of umthsjiiate eiauf itmn in extrern 
itics psrtnilv or conipleteU pinilvred as a result of anterior pohonivchtis, 
benefit to the piticnt ini^ht Ik, exiioetee! fnan svmpithetie dciurv itionoi 
the cvtrcMiitv due to the luerenscd circulation insured hv interruption oi 
the vasomotor nerve’s Harris (l*>W)) and Harris and ^fcDnnnl(l (1930) 
reported favorable results of Iiimb'ir svinpitheetomv in thildrtn witfj 
rcsulinl paralvsis follow inf; anterior iwhomvelitis In their senes of 
sjinpathcetomies hvpercinn was inaintanies! in 12 In 2b of these the 
rate of growth was accelcratexl on the opentesl side In \ limited "crio 
reported bv lelfoni (1934), he observed elevation of skin temi>enture m 
the sjanpathcctomizcd cxtreniities and decreased pronciuss to chilhlaim 
and chrome ulceration ^Mute and Smithwiek (1941) rcjKirted elevation 
of the skin temperature and nccelontion m the rate of growth m v partnu' 
paralj zed limb of a child follow mg lumbar svanp ithectoinv 
1 he results of operation report^ bj v arioiis surgeons appe ir to ® 

sjonpatheetoinv following pohoravelitis particuhrlv m children if “1® 
resulual motor function is suflicicnt to permit of some usc of the limb I 
the limb is exnnpletelv paralyzed, lasting improvement in the circuhtion 
cannot be obtained, and sjanpathectomv is contramdicvted 
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Healing of Fmctures — Acceleration of bony union following sympathec- 
tomy, in cases in which union was delayed following fractines of bones of 
the extremities, has been reported. The results of experimental studies 
bearing on this point are not encouraging In experiments reported by 
McMaster and Roome (1932) in which equal fragments (approximately 
1 5 mm in length) of the fibulas were removed in dogs which had been 
subjected to unilateral lumbar sympathectomy, the healing process was 
completed earlier in the normally innervated leg than in the sjunpathectom- 
ized one Key and Moore (1933), who tested the effect of sympathectomy 
on the healing rate of bone and articular cartilage in cats, found no differ- 
ence 111 the rate of repair on the sjmipathectomized and the control sides. 
Zollinger (1933) reported experiments carried out on dogs in which the 
effeets of s^nnpathectomy both piecedmg and following fractures of the 
fibulie were observed. In all but 2 of 17 experiments regeneration of the 
bone went on more rapidly on the sympathectomized than on the normally 
innervated side regardless of whether sjnnpathetic denervation preceded 
or followed the fracture This acceleration was not regarded as great 
enough to warrant the application of sympathectomy as a clinical measure 
designed to hasten bony union in cases of fracture 

In a study of the effeet of sympathectomy on the blood supply of bone 
in the rat, Zinn and Griffith (1941) found that the supply to the tibia was 
actually decreased five days after lumbar sjnnapathectomy, probably due 
to disproportionately greater dilatation of the vessels in the soft tissues 
than 111 the bone Increased vascularity of the periosteum at the site of a 
fracture and the resulting scar tissue undoubtedly is a factor m the healing 
process This apparently is not materially increased following sjnnpathetic 
denervation, due to the compact character of the tissues m question. 
In]ection of the arteries in specimens of old ununited fractures has shown 
that few large vessels actually penetrate through the dense scar tissue 
which surrounds the fracture. 

Cardiac Disease.— Angina Pectoris.— S;^Tnpathectomy in the treatment 
of angina pectoris was carried out by Jonnesco as earl}'^ as 1916 On the 
assumption that impulses of pain are conducted from the heart through 
visceral afferent spinal nerve components associated with the sjnnpathetic 
cardiac nerves, the correctness of which has since been amply demon- 
strated, he removed the middle and inferior cervical and first thoracic 
sjTupathetic trunlc ganglia m order to interrupt the afferent conduction 
pathways from the heart to the spinal cord Extirpation of these ganglia 
on the left side only sufficed, in his first case, to relieve the symptoms of 
angina pectoris in a most striking manner In later operations he removed 
the superior cervical as well as the middle and inferior cervical and first 
thoracic sjmipathetic trunk ganglia Although the results in Jonnesco’s 
early cases weie most satisfactory, they did not stimulate widespread 
interest in the surgical treatment of angina pectoris because his operation 
was regarded as too drastic 

Coffey and Brown (1923) reported 5 cases in which extirpation of the 
left superior ceivical sjnnpathetic ganglion alone or section of the superior 
cervical cardiac nerve and the sjunpathetic trunk below the superior 
cenncal ganglion sufficed to ameliorate the painful seizures of angina 
pectoris. ^ Th^e results seemed to demonstrate the feasibility of surgical 
intervention in cases of angina pectoris without extensive operation and 
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mttrriiptin;, tin nfrirtiit wmlmtjori from the Ittv} 

'Uu\ iilso btnimIiit(Hl mtircst in tin Hnrf,iajl trcatintrit of nn|,nia i)ectnm 
aloiiK new anti simpltr Inui 

During tlic following (l(t ule \nrioiH surgeotis carnwl out innrt or Iw 
c\tcnsi\e tmi(“il s\mintlictic extirpation m thi trtatmtnt of nncina 
putons With hentht to tin pitiint in Honic ciies and without Kncfitto 
the piticnt ill others (CutUr, 1027, Ih^sse, 1027} In a review of case< 
reported in the liti ratlin , I/tic1h niid 1 oiitame (I1H2) found tint ccrvir;' 
•tvinpatiiietouiv without nniovnf <»f tin infi nor cerv leaf gin^lion prfxliitT 
sitisfactorv results in TkS j>cr etiil of Ifi cases Of the erases rcviewctl i 
whidi tin inferior cervical ganglion nl-n» was reinovisl, giHnl results wei 
rejKirtiel in 70 jitr tent 

On tin hisis of our present Kiniwlt'dge of the imnrvition of the hca: 
aiul coronarv \essds(ses ChapterMI) the lH.nchct il results of umlater 
cervical sviupUhex-teunv which have Ixcn riixirtesl cannot lie explaine 
satisfactnrih Sietion of tin left sii|K.fior«.rv ic il carthac nerve oreatirp; 
tion of the sujverior c*ervit“il svinpitlictie g*»nghon intcrnijits hut a nuiK 
IKirtion of tin svinpithetn fillers to tin heart ninl cornimrv vessels nti 
none of the nireniits Lxtir|>atnm of the entire earvical portion of tl 
svinpithetic trunk intltiding the inferior cervical or stellate ganglione 
extinntion of tin inferior cxrvicnl or stellate ganglion alone interrupts 
larger portion of the svinp itlietic innervation and the afTerent spinal nerv 
components asMiciatesl with the ttiieldic and inferior cervical svanpathet 
cmliac nerve^s hut leaves a large percentage of the canliacaccleratorfibci 
and aderent spin il nerve ooin|K>ntntHasse>cmteel with tliein in the thorac 
cardiac nerves intact In some mitmices, mtemiption of onh theccrvic 
svnipatlictic cirdiie nenes em the left side mav l>t sufficient to rehev 
coronarv va-'oconstrictor tonus on tint sielc and to mtemipt enough pair 
conducting fibers to relieve pun of careliac origin In other instance 
( cn It d sj inpathcetomv alone is inmlcquatc to rtlicv e the p im of angui' 
atticks as imhcated li\ the reported failures of such operitionj. 

Wlute (l‘n0) dcmou'itrvted In pamertehrd injections of novoe-un 
nnd procaine, that the afTerent filnrs winch cenuhict iinpul es of pun frer 
the licirt in cases of angina peetons enter the spmal wnl vii the con 
municating raini in the upper thomeic segments, including the fourth H' 
therefeire, regardtHl the upper thoraeic segments of the svanpitlietie trun 
ns the logic il iKimts of attack m the trevtment of angina pectoris an 
recommcndesl extirpation of the upper two or three thoracic svanpatliefi 
trunk g mglia m oreler to interrupt the major i>ortion of the pain-conductin 
fibers If tlic p nil radiates to the left as it tlocs in most casts tlie operatic 
should be carried out on the left sielc If it minted to the right side onh 
ns it does in some ciscs, the operation should be carried out on the rig'i 
side ^^^ute (1933) and Bneuckcr (1933) rcfxirtenl limited series of ease 
m wlucli extirpation of the mfenor cervical nnd the upper two thoraci 
sjanpathetic trunk gmgha resultcel m satisfnetorv relief of anginal attack. 

This point of \ lew , wliicli cmplinsires interruption of the pam conductio 
pathways as the prunnrv nun m the surgicd treatment of angina pcctori: 
has now been quite gencralK adopted Interruption of the sjanpvtbeti 
innervation of the coronarj vessels undoubtediv is. a significant factor i 
man V cases (Ranev , 1939) since, according to the he&t nv nihble ev idenw^ 
the sjanpathetic cardiac nerv es include the coronarj constrictor fibers (see 
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Chapter VII) . Unilateral section of the cardiac accelerator nerves, further- 
more, results in no apparent damage to the heart or appreciable retardation 
of the cardiac rhythm. The operation, therefore, can be earned out without 
undue danger to the patient It has been carried out successfully e^^en in 
patients who had suffered recent coronary infarction or threatened cardiac 
failure (White and Smithwick, 1941). 

Extensive interruption of the pain conduction pathways in the treatment 
of angina pectoris has been regarded as dangerous by some on the assump- 
tion that in the absence of pain there would be no warning of an impending 
attack. This assumption is not supported by the result of studies carried 
out on patients following such treatment. In an extensive series of patients 
in whom all sensation of pain of cardiac origin had been removed, VTiite 
and Smithwick (1941) found that anginal attacks always were recognized 
by the patient, due to a sense of thoracic depression, palpitation, flushing 
or shortness of breath They regard surgical denervation as the method of 
choice for the relief of severe cardiac pain m patients who are reasonably 
good surgical risks 

Patients with severe cardiac pain who cannot safely be submitted to 
surgical treatment may be benefited by blocking the sjunpathetic nerves 
by paravertebral injection of procaine followed by alcohol. Emplojunent 
of this method has been reported by A'’arious surgeons, including Mandl 
(1925), Swetlow (1926), Bernard (1937), Ochsner and de Bakey (1937), 
Jessen (1938), VTiite (1940) and others Although complications such as 
intercostal irritation and neuritis occur not uncommonly, this method of 
treatment involves a minimal risk and, if successfully applied, may be as 
effective as sjmipathetic ganglionectomy. If the alcohol is placed with 
sufficient accuracy to insure destruction of the sympathetic ganglia, the 
results are no less permanent than those of surgical intervention. 

Cardiac Arrhythmias — Various alterations of the cardiac rhythm undoubt- 
edly are associated with autonomic dysfunction. In experiments reported 
by Beattie, Brow and Long (1930), asystoles under light chloroform anes- 
thesia were abolished by section of the cardiac accelerator nerves. A 
neurogenic factor in the causation of various ectopic cardiac rhythms is 
indicated by the fact that they are promoted bj'- adrenin and abnormal 
excitation of the sjunpathetic cardiac nerves (Nahum and Hoff, 1935) 
Recurrent bouts of paroxysmal tachycardia and fibrillation also have been 
abolished by bilateral sympathectomy (Leriche and Fontaine, 1929, 
Langeron, Desbonnets and Delvallez, 1935; Coleman and Bennett, 1938).' 
On theoretical groimds it may be assumed that interruption of the acceler- 
ator fibers on the right side is of major importance in these cases, since the 
pace-making mechanism is located in the walls of the right atrium. 
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OTHER DISEASES WITH ADTONOMIC TACTORS 
VISCERAL PAIN AND PAIN IN EXTREMITIES 

Arthritis —Not nrthriti4 is I'ltul uiih < xipscratetl 

\ aM)n\<>tor tonus in tin t xtrniutws niul otiu r l\ iili tur of iu iglitcnttl rnn 
pithotu :u.ti\itN su(h ns jh rspiritinii in ihr prr'twv <»f *.iiimonni! «Lh 
tiinpi rntnro ‘llu~>r mtiilittonH iim\ Ik Mssnuhrs to tin influnnnu 
around tilt jomts Init tht nrtlinttc dtM xm undouhtcslU is nfrcnxattsi I 
tilt liimfntmn of tin hlooii Mjppls to tin joint i-ipsn!os nnd ndjni-cnt ti« t 
dnt to liiccxnpRimtttlMisoconslrirtor tonus 'llicrition'ilitN nfs\TapatlK 
tonu in tin* tri itmcnt of (hronit nttimtis tlnrtftin is inrlintw! jKirt: 
n) irlv in c U'os m i\lucli it is rh^oci itn! with innrkcil \ nsoainstriction 
Kowntrcc nnd linmu (l‘t2T) rtfiorttsl n murIc of po!vtirt!»ntu 
which the results of sxinpithwtoinx were sers striking 'flic pstwnt 
won) in tinrtN -four Mars <»f nRc ind fmlwl toresjwml loinc<!i(-il treatme 
forsixxesrs lUrlmihswtrt indh uipjdctl hinds nnd feet were 
moist with trophic chinpis in theskm nnd mils the mtcri>hil tnpc'd jou 
Wirt all eninrkcsl nnd tli< nnUes wrists, clliows ind sliouldcrs «how 
considindilc limitation of motion Pniii wis markisl o\cr the metitir 
nrcii nml in tin wrists, cllxiws nnd kms-^ 3 ollowinj: iubtinl extirpatu 
of lilt second third ami fourth hmdnr sMupitiit tic p inpin the feet licear 
wnrm dr\ nml piuk tin skin deviimimittsl nnd the trtiphic dun? 
rcwlctl llic pun tlisnppcnm! entirtU m llie lower extremities iml t 
patiiut was n\)lc to walk n ihstaiict of Ij to 2 miles Ik fore IciMnpthe In 
pital \il till*, is m stnkmp ctmtnsi to the is*mhtion of the upper ettm 
ities wlucii reinameil ttihl, ehimim nnd p unful 'i he surface tempentu 
of tlie h inds was found to lie O'* C lower tliin tlie surface temponture 
the ft'ct follow inp ojKrntmn \ Inter o})eritmn iniohinp hilaiCrdextirp 
tinii of the infinor ccrMcil nnd first nnd second thomcic snaiMthct 
panplia productsl results m the upper extrinutiis similar to thove prwfijo 
l)\ lumhir sMupithectoms m the lowtr txtnmitics (Hnwntreo 

I ncouripcsllix these results Uowntrec nd\iMsl sMupitliectonu inotli 
eases of nrthntis winch failwl to nspond to mtshcnl treatment In 
rcMCw of 17 c\ses llowntrec Adson and llcnch (1^30) pointed out th 
the host results^ w ere ohtnmcd m casts of nrthntis of tiu pen irticidar t'l 
nssociatcil with ncnrocircnlators niter itions Aceonhnp to thiir accouri 
the operation allcMatcs the pim, rehcMs the exi’esj.iai sweating and eoii 
ness of the extremities and supplies definite restoratii e influences to conib, 
the trophic changes so that m mniix cases function is restored to a con''ide 
able degree The most stnkmp results were oh'-crxe<l in tlie Jnnd> m 
feet The knee- and ctbow-jomts respondcii loss ripidU nnd the effect ' 
the operation on the hip- and shouIder-joints was considcnbh rctanii 
and not xcr\ marked ^^hcn osseous changes or nnkxlosis were present 
the results were less encouraging but c\cn m some of these cases the pim 
w ns grcatlj nllex latcii 
(542) 
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Favorable results of s\nipatliectomy in the treatment of polyartliritis 
have been reported by certain other surgeons, particularly Flothow (1930) 
and Young (1936) In the experience of not a few, the results of this form 
of treatment have been disappointing In many cases circulation in the 
sr-mpathectomized extremities has been improved, the skin temperature 
elevated and perspiration abolished. In some, pain was alleviated in a 
measure, at least temporarily, others experienced no appreciable change 
with regard to pain. In certain patients, as reported by YThite and Smith- 
wick (1941), the disease advanced more rapidly in the s^mpathectomized 
extremity than in the normally innervated ones. 

In view of all the data available, the general application of sjTnpa- 
thectomy in the treatment of chronic polyarthritis is unwarranted. This 
form of treatment undoubtedly is indicated in certain cases in which the 
superimposed exaggerated vasoconstrictor and sudomotor activity cause 
serious discomfort, but the suitability of patients for operation cannot be 
determined on this basis alone 

Favorable results of SAunpathectomy in the treatment of tramnatic 
arthritis (post-traumatic painful osteoporosis) have been reported by 
Fontaine and Hermann (1933). In some of their cases periarterial sjj.'m- 
pathectomy proved to be sufficient. YTiite and Smithwick (1941) reported 
satisfactory results in a limited number of cases treated by paravertebral 
nerve blocking. They recommend this form of treatment in most cases, 
reserving sympathetic ganghonectomy for those cases in which more con- 
servative methods have failed. The effectiveness of sympathetic denerva- 
tion in the treatment of osteoporosis is significant since it is an incapacitat- 
ing syndrome which is highly resistant to ordinary orthopedic measures. 

Hyperhydrosis.— Hy-perhydrosis of nervous origin usually is most 
marked on the palmar and plantar surfaces and the fingers and toes, and 
not infrequently is limited to the hands and feet. It usually- is accompanied 
by vasospasm in some degree, so that the wet extremities frequently- are 
cold and at times cy-anotic The common clinical observation that secre- 
tory- activity- of the sweat glands is abolished in the affected area follou-ing 
interruption of the sympathetic nerves demonstrates the rationality of 
sympathectomy in the treatment of hy-perhydrosis. Obmously-, such 
drastic treatment should be considered only in cases in which sweating is 
extreme and incapacitating. 

Among the earlier reports of sympathectomy- in the treatment of hyper- 
hydrosis are those of Ivotzareff (1920), Braeucker (1928), Hesse (1930) and 
Fieri (1932). This method of treatment also has been advocated by- Adson 
(1934), Adson, Craig and Brown (1935), List and Feet (1938) and others. 
The results reported have been consistently satisfactory. Nerve blocking 
by means of paravertebral infiltration of alcohol has been reported bv 
YTite and Smithwick (1941) but they regard surgical sympathetic dener- 
vation as preferable, except in exceptional cases, smce its effects are certain 
and the operative risk is almost nil in this group of patients, most of whom 
are yoimg and otherwise in good health. Preganglionic section offers no 
advantage over ganghonectomy in this condition since the sudomotor 
nbers are cholinergic and sensitization of the sweat glands to hormonal 
stimulation does not take place following degeneration of the postsanghonic 
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Carotid Sinus Syndrome —'ilif •‘jnuf Minliumni, vvhi<li^v!a'.si 

st^infii uit roit It) tlif iiontijil n^^iilation itf nrntlitioii imr! r(''pin}ifin{<^ 

( luipttrs and I\), not fiifrr(|iunt]i Ii\jKrirntil)If pu; 

ri'^p tort ( Ii irntl) ristu ‘tx ndroiitt In lit fiilK dt \ fomi tfjH ji-ndrrr 
imliuks nciimnt iiltjukK of Mnnipo and ih rtro^auTwi Kiaptr 
«t< <1 c rtnitul ‘ftnijH « Hr xcs of llirw t» ha v c ixt n (1) amt. J- 

«r rttinlntion t»f th« i-mhic rltilltm ’Mih or \Mtliom iDarl^ 

raliKtioM in /trltml hlcMKl ( 2 ) pronoiinntl dccmv m Wrr{ 

jtrtMtin without innrt cii n t inlitioti of tiu cnnliu rliNthm.fljaltmty j 
III tin txrdtnil (irtnlrttinii m fiiintinj: mul nt tttiiM contul^iiL 

without jnrtrknl dttnpi m tin riiithiri or W/kkI prrvMin Dr 

idtnortunl riOix ri-^jKjn < ini\ l>r<n(inlv iimliti r»! or iinirh more 
nounwl on oni ‘'kIi ifnn on th< ollor Vi jMnntrtI out hi VVotsa's* 
Uikir (IMtt), <lij.it»l on tlw h\|H r^ii'itivp cnmti*! «inu< ns 

indna «sinptoinH uiiidi nn Khotim) s^ith t}irH<* of <{iontrtncT/iii Attack* 

IlNjHr'KtiMtx of till ortrotof Hinm rrfhx initlnni'iii mav induct* »!> 
nomml ri at tiom of iht intracnriiiu tumlialion it itnii incltuhn^tcotnpVu 
hcirt block ttinj»omr\ aiMtohi of l!»c \rntnilfs wjtli ct'ntmuwla/ 
tmttmni of tia utrn tditriHiInrtttnivitolts nlf rrat«m« m the fomc' 
the 'i-wrt\c, nnd compli l< irutniftn of tla il(*( trml cnninc atw Cwtr 
•mius imt ihilitv mi\ la mert ihhI la lahl rpunl nne^thetn rlipitili. rtc 
Mnnipnhtiori of ili< In jh rimtnbh rirotid simii or itiimihtionof the«rolx 
iimisiurvc durmj, ojK mtiom m tiu «r\U“rtl n*{stoti mnv rc'ull inalinaic 
snnptoms ortMii fiitnl t-oIlipM J'mtfKntne tcitiof then flex wntaVS 
\t\ ofthcc‘\rotidMmisiu«h'\m in tlwnfvm HhoMldlx c'imwlo«t<Ko\ce 

Stine and Cidhn 1|)10) In tht pir <nrr of rirotid «inJis htficnmtabllit' 

or wilt 11 the ftild of o|Kntion ts ndjictiit to tin rirotnl nmw the 
niKstheties wliicli likt tflur timl to dtpn*"* this rinalnm ni arc mor 
mltnntnpcous timn Ifu ti t of (Iiom; which, likt ipnn! tend to mcrca«eit 
rc-atnitt 

\i\ stole or reflex ilowint of (In heirt tha to cimtid simn sttmulitri^ 
imt be nl>oh*'licd In ntropiiic ••intf the n flex n-'ixirn) is rnnlntctl throuq 
jnri\s\inp»tlietit iicrxcs \ nmrkts! tlccn I'a* in MckkI pressure nen •! 
some lint inixN la rein \ctl In rtilrtiiiii or ephtslrinc, since the^e ni^nb « 
not onl\ to nctxhnitt the c*inlnc rlntlon hut nl'o to inenrt'>o t I'cub 
tonus \bolition of tlie pninnn iittneLs of stneope nnd wnnilsinns^’ 
require coniphtc hloekiup of the cirotid sinvw nfhx incclnnu'-ms Thi 
enn he nccomplnhixlbv iiifiltritionof tht tisMitMiromid tin rirotid shcatJ 
w ith procrtine or ixNcetion of tla cimUid siuus ner\c Surpicnl doiiefi ition 
of the t irotid siiiin coinmonK nltolidas nil sxmptoms of nflix net)' it' c 
the cnrotul sums mcelniusm I 'WoriWc results of cnrotid smus donem 
tion in the trcrttineiil of reeiirrcnt sxncope nnd conx ul''ioii> hnxe 
reported h\ enrious iintstijrUois meludmp Weiss Cnpp 
^Iiinro (lOJf)) I rmlhurg nnd Sloin Capps nnd de 1 xknts 

Craig nnd Smith (1930) Ilomnno, Stead nnd 'lax lor (1^9), White aw 
Smithwick (1041) nml others 

Epilepsy —A possible role of the canitid sinus 'indcardnvnortjener'c^J 
epileptic seizures lias been Mif^iited bx xnnoiis inxcstigators Section o 
the carotid sinus ntrxes nnd partial section of the cartho aortic 
the treatment of cpdcpsx has l>etn rcjKirteil bx Danielopolii and 
(1928) On tlie txperinicntnl side these mx estimators (1932) reported tiw 
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clonic and convulsive movements induced by application of a strychnine 
solution to the motor cortex in dogs may be modified by stimulation or 
section of the cardio-aortic or carotid sinus nerves. \Yhen clonic or con- 
vulsive movements were apparent, stimulation of the central end of the 
severed vagus nerve or increased pressure on the carotid sinus resulted in 
their exaggeration In animals with the vagi intact, increasing blood 
pressure in the aorta, w'hile the common carotid arteries were ligated, had 
but slight effect on the clonic movements, showing that the effects noted 
above w’ere brought about reflexly, although increased pressure in the 
cerebral vessels may have played a minor role. 

On the basis of these experimental results and the clinical data available, 
Danielopolu and hlarcu advanced the opinion that if all the fibers of the 
carotid sinus and cardio-aortic nerves could be interrupted epileptic 
seizures might be abolished at least in some cases Section of all these 
nerves obviously w^ould be fraught with danger, since the control of the 
cardiac rhythm and the blood pressure would be impaired. In animal 
experiments reported by Greiwe (1932), death usually followed section of 
both carotid sinus and cardio-aortic nerves within twenty-four hours. Of 
the few animals which survived this procedure, some which were kept 
alive for six months by frequent blood letting, exliibited extremely high 
blood pressure during the entire period and developed extensive and in- 
tensive arteriosclerosis These findings fail to support the assumption 
that section of either the carotid sinus or cardio-aortic nerves or both is a 
rational procedure in the treatment of epilepsy. 

The hypothesis that cerebral vasoconstriction is a causative factor in 
epileptic seizures is supported by both experimental and clinical data (see 
Chapter XXI). On the basis of this assumption, cervical s;^’mpathectomy 
has been carried out in the treatment of epilepsy (Alexander, 1889; Jon- 
nesco, 1896, and others) without marked success Since superior cendcal 
sjTnpathectomy does not interrupt all the sjonpathetic fibers which enter 
the cranial cavity along the vertebral arteries, hlixter and TiTiite, as 
reported by Wfiiite and Smithwick (1941), carried out bilateral cervico- 
thoracic s.\Tnpathectomy in a series of patients suffering from frequent and 
sei'ere epileptic seiziues in order to effect complete sjunpathetic denerva- 
tion of the cerebral vessels The results obtained in 3 of 17 cases appeared 
to be encouraging at first but the final outcome has been disappointing. 
These investigators hai'e expressed the opinion that sjmipathetic denenm- 
tion of the brain in epileptic patients has no significant effect on the con- 
vulsive state. 

Spastic Paralysis.— The application of sympathetic ganglionectomy and 
ramisection in the treatment of spasticity of muscles of the extremities 
w'as advocated by Royle (1924) and Hunter (1924) on the assumption that 
the plastic component of the tonus of skeletal muscles is mediated through 
the s^Tupathetic nerves and that this component may become exaggerated, 
m the presence of impairment of the voluntary nervous mechanism, result- 
ing in spasticity If this assumption w'ere correct, sjmipathetic denerva- 
tion of a spastic extremity ought to relieve the spasticity and give the 
impaired voluntary nervous mechanism, if not completely destroyed, a 
chance with the aid of passive manipulation and other means of reeduca- 
tion, to regain control of the muscles. The anatomic and physiologic data 

outlined m Chapter XYII fail to indicate a significant influence of the 
35 
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m<ln iduid and (hi fsstntml tn itimiit of sp isljt p ind\'<is is tsluntinnif 
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spasiu jnnd\si>* in duldrin'* Aeeonlinp to Ins report mirh cs«n 
pititnt slumtsl ili'tnu'tsi spa^ituits m tin nITectisl extreinits ^^hllc^t 
ri st \pproxnn itih tiv(>*thml$of tlicp itinits shioveil a stnkmprtsluctioa 
in ripuhtx folhosmp sMupitheetonn, l>oth whiK nttnc and at n^st 'Tbc 
tlminl rtsuItsohtniiKs! m tin lowirtxtnmitii's win dc'i rilxsl nstxcclleiit 
in npproxinmtth JO jicr (vnt and its pood in o\ er 10 pi r ct nt of the cswn 
C irtnin patients pirticnlarh cliildnn with ninrkisl mint ildcficicne'» 
were not inatirialh licni filial lit the opi nitn)n Hit results ohtaineilia 
the upinr ixtreimlics in n hiuitial nimdKr of cases win lcs.s fa\ onhle than 
those ohtninwl in the lower cxtixmities 

In spite of iniK-h aiheiM. cnticisiii. llo^K (lO'JO), nfter liaxinp oh.cr\ol 
the results of sMiipathiTtoun in n Inrpt nuinl»er of rises of spisticitx ijW 
to \ anous i niises still r< innined nii iinli nt nd\ ocatt of thts procedure thJ 
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h\ lJo\lc in 1 upland concliiilial (I) “'Jht oinrition of rum cction 
porfoniied 1)\ lIo\le is without iffetl u|K)n tht ripuhtx of e\trap\nimidu 
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function, how (\cr, nn short Iiteil (1) ‘ Jhi operation thirefore ap^jr^ 
to liaxL no place of xalm m tht treatments of spi>tic wtikne^s Jler^ 
(1930) who ol)Ner\<sl H cases in winch Koxle carrirl out sianpath^tom' 
in tlie tnntmriit of xanous spastic conditions m xVnstnhi, reported tM 
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spastii piraljsis, of winch (litre Iiaxt been few are li*>s optimistic than 
earlier ones In most instances the benefits dcriMKl which probahh 
due inaiiiK to increased cutaneous circulation and nltcrcxl muscle me a 
ohsni haxc not been regarded ns sufficient to w irrant such a dras i 
jirocedure . 

Bronchial Asthma —According to current teaching, based on ndequa 
physiological data, stimulation of the snnpathctic pulmonary nerx 
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commonly results in inhibition of the bronchial musculature and stimula- 
tion of the parasjTnpathetic nerves commonly results in bronchoconstric- 
tion Constriction of the bronchial vascular bed also is mediated through 
the sjunpathetic nerves (see Chapter IX) Sympathectomy m the 
ment of bronchial astlima, therefore, is physiologically unfounded. A 
survey of the literature nevertheless shows that this form of treatment has 
been applied in many cases In the hands of certain surgeons, according 
to their published leports, both unilateral and bilateral cervical sjmipa- 
thectomy resulted in benefit to the patient in a high percentage of cases. 
Others reported only failures. The early reports of Kummell (1923-1926) 
were sufficiently optimistic to inspire widespread interest in this form of 
treatment. Although he recognized that the bronchoconstrictor fibers are 
mainly parasjTnpathetic, he assumed that cervical sjunpathectomy results 
m interruption of a sufficient number of bronchoconstrictor fibers to 
account for diminished bronchial spasm in asthmatic patients. 

In experiments reported by Biaeucker and Kummell, Jr (1925), bron- 
chial spasms simulating asthmatic attacks in man were induced in animals 
(rabbit, ape) by stimulating the medulla oblongata, vagus or sjunpathetic 
nerves and by certain other procedures These spasms did not occur fol- 
lowing section of the bronchial rami of the vagus nerves, consequently, it 
may be assumed that bronchial spasm induced by sjunpathetic stimulation 
ma3" be due to reflex vagus excitation due to stimulation of the idsceral 
afferent spinal nerve components associated with the sympathetic nerves 
supplying the bronchi. It seems not improbable, therefore, that the 
cessation of asthmatic attacks observed in certain cases following cervical 
sympathectomyv may have resulted from interruption of the afferent con- 
duction pathways from the bronchial mucosa to the spinal cord, thus 
preventing reflex stimulation of the vagus center The bilateral effect of 
unilateral cervical sympathectomy, reported in certain cases, could be 
explained on the assumption that the distribution of visceral afferent, like 
that of the sympathetic innervation of the bronchi, is not strictly^ uni- 
lateral, but some fibers cross over to the bronchi on the opposite side 

Although there is no rational physiologic basis for sympathectomy* in the 
tieatment of bronchial asthma, and in spite of the high percentage of 
failures reported, this method of treatment has not been entirelyv abandoned 
In reporting the late results of stellectomy* in the treatment of bronchial 
astluna, Leriche and Fontaine (1938, 1939) cited certain cases in which 
beneficial results of bilateral stellectomyv have lasted for several ymars 
They still regard this procedure as the treatment of choice as a last resort 
in severe cases of bronchial asthma 

Encouraging results of paravertebral injections of procaine and alcohol 
m the treatment of bronchial asthma have been reported particularlyv by 
Stern and Spivak (1930), Du Bose (1931) and Levin (1934). Beneficial 
results of this form of treatment can be explained with less difficultyv than 
beneficial results of sympathectomy, since the infiltrating chemical sub- 
stances undoubtedlyv block some of the pulmonary branches of the vagi as 
well as the sympathetic nerves Levin (1934) advocated nerve blocking 

by paravertebral injection particularly in cases of intractable asthma of 
long standing. 

From the physiological point of view, surgical intervention involving 
tne parasympathetic pulmonary nerves in the treatment of bronchial 



618 


AVTOhOMic Mvno^unarm 


flsthtna nppcnrs (o l>c more rnttoiiil than s\'mpatlicctom\ I’lnllips nnd 
Stott (10^0) first rtiK)rt((l surRtcil treitmcjit of tins kind HcinliofT nml 
(»n\ (10 JS) rc|»orto<l bjlntcrnl of tlic jwsttnor ptilinnnar\ plexii? 

in 10 P(\trc cises Of these piticnts, 4 rciimintsl free of attacks t\so xcars 
aftir operation nml Imel retnrncel to «ork, I others snlTtrcfl occasional 
mild attacks all of ^\hlcl^ could In. tontrollcel h\ mtalicnl treatment, onl\ 
1 slioMcd no nniiroNtnunt 'ihesc results art iinpre‘S3i\e Imt cither 
rl^tctlon eif tiic j)ulmnnar\ Iirnuthcs of tlic a api or the jwsttrior pulmonar) 
plexuses must he re^tareUd as n drastic operatic procedure 

Qastro Intestinal Disorders —Cardiospasm — 1 he rtspon.se of the cardiac 
sphincter to either sMnjiitlutic or piniMinpathetic stiinulatiou is con- 
elitioncel l>\ the tonic state e»f tlic imistle (sea* p 2 13) 1 he cfTtct of cither 

ner\e stimulation or partial elciie nation, conse^qiicntK cannot Ik* prcdictwl 
\M(h ccrtaintN m nn\ putn cicsc, except ns indiciteel liv diapnostic tests 
Since hotli the \npus and the snnpathttic iur\es max intslntc either 
excitation or inhihitton of the sphincter muscle thtre is no reason to 
assume tlint cnnhospasiti tan Ik* aliolidicel hx interruption of cither the 
xafpis or the sxanpathetic lurxes supplx uir this muscle 

Knight ami Ad lui'-on (1033) reportei! the re*MiUs of surgical intenention 
inxolxmg resection of the left gastric nrterx and xcm xxith the plcxics of 
nerxes asvociateel xsith tli<r-c xes«els m the trcatini nt ed 3ca«cs of achalasia 
of flic esophagus nith eanhospi«.m This pitjceehirt iindouhfeslh inter 
riipts the major portion of tht sxmpatlietie and some portion of tlic xagua 
fibers to the cardiac sphmcttr In one patient the opemtion resiiltcel m 
(oinplttt rehtf another slumtd mnrkcel improxement Uie other three 
showoel Signs of recurreiux C raig Moei^ch ami ^ inson (1034) carried out 
bilateral ctrxicotliorncic sx mpathectomx xxitli good immcdute results in 
cases 111 xxhich prcopcratixc nerxe blocking xxitli proc'unt alTordwI tem- 
pornrx relief In otlur rt|K>rto<l tase‘s m xxhich hilatcril sxmpathcctomx 
XX as cirncel out the rc'.iilts haxe been ununpre&>ixc The rciMilts of surgical 
intcrx entiou directcel tow ard the x ngiis ntrx e ■> aUo h u c been du>apjx)mting 
(Ochsner and elc Baktx 1010} 

In the selection of cases of neliiilasm ami eanliospasin for siirgicril treat- 
ment directed toward tlie imurxatioii of tlic cartlia it is important to 
(h/Tcrentiate hctwccn true cardiospism md lixperfrojihic stenosis of the 
cardia Certain cases in the forme r categorx umlouhteellx max he benefited 
hj nerxe section particularlx if prPO|>crati\c nerxe blocking affords tempo- 
rnrx relief Ilencficial results of nen c section in cases in the latter categorx 
are not to he expected 

Gastnc Acidity —Gastric nciditx not imcominonlx is associatcal with 
parasjanpathctic In pertonus On the basis of this clinical ohscrx ation and 
the fact that the parisxanpUhctic mnen ation of the stomach phxs a 
major r6Ic in the regulation of gastnc secretion interruption of the xagus 
branches to the stomach max be exjiccted to result m reduced gastric 
aciditx Tien ami i anferno (1030), xxho cut the x agus nerx es either abox e 
or below the diaphr igin in S patients, found gastric acichtj reiluced folloxv- 
ing operation but m tht course of n few months the acid x allies retired to 
normal Tliesc results are m full accord witli the experimental findings o 
IlartzcII (1929) that total xagus section aboxt the diaphragm in dog& 
resulted m marked reduction m free and combined acid in the stomach an 
those of Vanzant (1931) that tlic gastric acid x allies xvere restored to the 
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preoperative level two years after vagus section, altliougli the vagi had not 
reestablished functional connections in the stomach. In 6 clinical cases 
reported by Weinstein et al (1944), incomplete vagotomy exerted no sig- 
nificant influence on the nervous phase of gastric secretion. On the basis 
of their experience, they concluded that gastric vagotomy alone is not to be 
recommended as a therapeutic procedure. 

Congenital Megacolon (Hirschsprung’s Disease).— Hurst (1919) advanced 
the theory that the underlying cause of congenital megacolon is an acha- 
lasia of the pelvi-rectal (O’Beirne’s) sphincter or the internal sphincter ani. 
According to this theory, peristaltic waves passing down the descending 
colon, which should' evacuate the bowel, are arrested at one or the other of 
these sphincters due to its inability to relax, resulting in distention and 
hypertrophy Fraser (1926) also regarded failure of one or the other of 
these sphincters to relax as a primarj'^ condition of congenital megacolon 
and advanced the opinion that this failure is due to a delay in the acquisi- 
tion of the power of inhibition Rankin and Learmonth (1933) recognized 
dysfunction of the sympathetic innervation of the large intestine as a 
major factor in the etiology of congenital megacolon but expressed the 
opinion that this condition is the result of a mixed pathogenesis. 

The data on which the assumption that in congenital megacolon the 
influence of the sympathetic nerves on the large intestine exceeds that of 
the parasympathetic nerves is based appear to be conclusive Relief of 
chronic constipation, furthermore, has been observed repeatedly'' as a 
result of lumbar sympathectomy'^ carried out in the treatment of various 
other symdromes. In view of these facts, sympathetic denervation of the 
large intestine may be regarded as a rational procedure in the treatment of 
congenital megacolon Complete or partial relief of this condition, partic- 
ularly^ in young children, has been reported by various investigators, 
including Wade and Royde (1927), Judd and Adson (1928), W'^ade (1930), 
Barrington- Ward (1932), Adson (1937), Leriche (1937) and others In 
order to avoid sympathetic denervation of the lower extremities, Rankin 
and Learmouth (1930, 1932) resected the inferior mesenteric plexus and 
the upper portions of the hy^pogastric plexuses, with essentially'^ the same 
effects on congenital megacolon as those of lumbar sympathectomy^ Gib- 
bens (1932) reported satisfactory' results of resection of the inferior mes- 
enteric plexus alone. 

The most satisfactory’’ lesults of sympathetic denervation in the treat- 
ment of congenital megacolon ha^'e been obtained in y'oung children before 
hy'pertrophy^ of the distended colon had become excessive. Satisfactory' 
results have been reported in older children and adolescents m some cases. 
Jlie ^'alue of this form of therapy' in the treatment of megacolon- and the 
advantage of its early application may' be regarded as adequately demon- 
strated 


Preoperative nerve blocking by' paravertebral injection of procaine may' 
n selection of cases suitable for operation Scott and Morton 

!• ^ ^ that megacolon of neurogenic origin can be differen- 

tiated from other ty'pes by observing the effect of spinal anesthesia on the 
motility' of the colon. Scott (1936) advocated repeated lumbar subarach- 
® procaine as a therapeutic measure in certain cases 
_ie lord and Simmons (1939) reported restoration of normal bowel function 
m young children in certain cases by repeated spinal anesthesia. Law 
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(1010) rpp<»rt((I (nci)»jraf,tnK re<<uUs uhtnincd b\ ndmmistntion of «ctt\l 
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])(tro|atinu and an octnMotml ciiuim until tla unciution liilat is estal>- 
iisliid If ad((|uit( (Nacuation of tin Ixmtl ran Iw i/Tcctctl In tllc^e 
imasiins, (lu p-xtunt olnioiisK sliould not In* subjcKpsI to surptil mttr 
Mntum On tfu otlur himl >f (in*se im isurt-H afford onI\ tcnifKinrv 
nluf the imasuri. of siuli ttin|H>nir\ nlitf ma\ Ik regirdwl as an mdm 
tam Ilf tilt rtlu f to ht ixtKttwl from semp itlutic dim nation 
Visceral Fain ~'i In alfinnt iniu nation of tlu thomeu and uUlommal 
MMtra iniliidis holU mirus and ipmal nmt comjKmuits hut nii)% the 
iuttc r conduct un\ni!sis of p «n (stc ( Uaptt r \l\) I best \m-cmuinctms: 
fihtrs riaih tin \istora Mi tlu sMnpitlutu mrves 'iliost mIucIi suppK 
tUi ftlHlonimal \ isci ra n m li tlu ivlulomimil j>U xu'u s inamls x j i tht sphacli 
inc mr\t*s flu afftrint inncrMitioii of tht piUic Msarv include-) spinal 
nmt eoinjvmtnls mvitmtul with tlu thorai’ohnnhir and thesncnl pre- 
Ranctinnn outflows atid soim atfirint tsuujiomnti' iniHirjxiratisl in the 
pudindal nertes 'ilu jnin txuidmtiHR pithwavN from tlu juliit Mn-cni 
art Uss lit irl\ diinanatisl than tho-'i from tlu thonuio and nlKloimnal 
iisccni Impulsis of pun prohdiU art roiiduttwl from tin morv distil 
ptl\ic Msttra Ml hotli tilt h\|KiRistri( and tlu jhImc ntrvw ^^^une^tr 
jkImc distant cxtuids to innctnl struttiiri-s tlu pudtiulal nir\ts nNo ph\ 
n pronuntnt rolt in pun conihictioii 
Pain in Pulmonary Disease — \ir\c hloikint: hi inpuis of pan\ crtehnl 
nijittioiis of alcohol has Ikkii tamts! out for the rtlicf of intrittalile pim 
diit to pftund irntuiioii in puliiumnr\ tuhirculovis and otlur diseases 
(Swttlow, lOJO) without inarkisl sut'oess IMocIinp of the svinpathotic 
iicrtcs with iht afftrtnt fiUrsassocntisl with thdn olnioush ii» undoiju'ite 
to relieve tins pun dm to tht fact that conduction from tlit pirietal 
pltnrv uuolvts somatic alTirmt ntr\t comjxincnts Iho luiur mid the 
Mscerul pleura art lu>,Ul\ uistusitiM Pam due to puUuonarv di-cisc 
tlurcfnre tlots not lucomc sevtrt nnicvs tlu pinetal plcuri becomes 
vus ols dl in the dist isc pnu c^s j,i\ nip rise to p nnful stuuuUitum of 'somatic 
nfrerciit components of tht mUrcostd jur\i*> llii-'i fillers inv\ be 
Wochtal tuny> 0 Ti\n\\ hv pvrwtrtilmd nkolwd nytitinus hvit usualK 
ritovtr the t ijjititi to coiidutt m inlituil' short time 
Pam from the Gastro-lntesUnal Tiatt — Smci t\ie p,iin-comU\ttmR fibers 
from tlu pastro-uitcbtinal trict tru'cru. the s\mpithttic ntr\i*s tht\ tan 
be inttrruptcd In s\ mji itbctu or sjd mthnic ntn e section 1 he ippro- 
priate lt\tl for surgical intcrvtiition nine he detcmimcd bv diagnostic 
nerv e Idockmg 1 ibtrs whicli tondiict impulses of pain from tht esophagus 
an nbbotiated with main at mp itlietic raini "Nfost of those from tlie 
low cr thonu ic portion of tht esophagus tnu erse the fifth and sixth thoracic 
segments of the sianpathctie trunk rxtirpition or chcnucil blocking of 
these segments therefort mnv be cxpettetl to rtbtvc pnn due to disea<?e 
of the lower portion of the csophigtis Impulses of pain from the stomach 
enter the spinal cord iii the sc\cnth and eighth thoracic segments (Lawen 
1923) 1 xtirpation or blocking of tliesi segments of the si-mpathetic 

trunks maj he expected to abolish true gistric pain Severe gastric pain 
of long duration, however occurs onlv nrelv unless the disease extends 
into the mesenteries and to the dorsal abdomind wall, when somatic pain 
receptors are stimulated The results of nerve blocking or s\'rapatlutic 
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ganglionectomy for the relief of intractable gastric pain have not been 
impressive, probably due to the involvement of somatic afferent fibers in 
most of the cases vrhich have been subjected to this method of treatment. 

Clironic intractable pain due to stimulation arising in the intestine alone 
occurs only rarely. The segments in -which the afferent fibers stimulated 
in such cases tra^'erse the s\-mpathetic trunks can be determined by 
diagnostic nerve blocking. Permanent blocking or extirpation of these 
segments bilaterally may be expected to abolish the pain. Pain due to 
malignant disease of the intestinal tract is rarely amenable to this form of 
treatment since the discomfort usually is due either to obstruction or 
involvement of the mesentery and somatic nerves. 

Pain from the Biliary System. — Impulses of pain arising in the gaU bladder 
are conducted central ward through the right major splanchnic nerve 
(Davis, Pollock and Stone, 1932). Most of the impulses of pain from the 
entire biliary system are conducted through this nerve. The left splanchnic 
nerve conveys relatively few pain-conducting fibers from this system 
(hloore and Singleton, 1933) Resection of the right major splanchnic 
nerve or resection of both the major and minor splanchnics, consequently, 
may be expected to abolish pain of biliary origin in most cases The 
effectiveness of this method of treatment in patients with chronic biliary 
pain has been amph' demonstrated (Craig, 1934; TSTiite and Smithwick, 
1941). 

Abdominal Pains of Obscure Origin.— Abdominal pains, the causative 
factor of -^^hich could not be determined even by exploratory laparotomy, 
have been relieved in certam cases by s^mpathetie ganglionectomy or 
ramisection (Archibald, 1928; Alvarez. 1931). Scrimger (1934) reported 
2 cases of this kind with well-defined referred somatic h^'peralgesia in 
which both the Ausceral pain and the referred phenomena were relieved by 
sympathectomy in the segments indicated by paravertebral nerve blocking 
used as a diagnostic test. In cases of obscure abdominal pain with referred 
phenomena, the latter may indicate the appropriate segments for surgical 
intervention. In the absence of referred phenomena, nerve blocking by 
paravertebral injections of procaine affords a useful aid in determining the 
segmental level of the pain-conducting pathways mvolved. 

Pain of Eenal Origin. — In view of the anatomical arrangement of the 
innervation of the kidney, resection of the renal plexus or the splanchnic 
nerves may be expected to abolish pain of renal origin Hess (1930) 
reported 10 cases of renal pain due to kinked ureters, small nephroses and 
movable or ptosed kidneys in which the renal plexus was resected. Neph- 
rectomy was avoided in all these cases and in 6 cases the relief obtained 
was regarded as complete. Distention of the renal pelvis during pyelog- 
raphy was no longer painful and nausea and vomitmg were eliminated. 
y\ Tiarton and^ Hughson (1931) and Hepburn (1934) reported relief of 
intractable pain of ureteral origin following sympathetic denervation 

Pain from the Urinary Bladder.— Data bearing on the anatomic arrange- 
ment of the pain-conducting pathways from the bladder are not in full 
agreement. Afferent nerv'e fibers associated with the sympathetic inner- 
^ation of the bladder traverse the hypogastric plexus. Afferent nerve 
f bladder Ha the pelvic and pudendal neix'es. Alunro 
( J60 could detect no diminution in sensation folio-wing resection of the 
superior hypogastric plexus either on distending the bladder or on the 
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ralgia which are characterized by intractable pain not infrequently are 
associated with circulatory and - sudomotor disturbances and trophic 
changes manifested by edema, glossy skin, muscular weakness and atrophy 
of the bone These complications not infrequently follow relatively minor 
injuries to nerves, blood vessels or ligaments The degree of disability 
caused by them and the difficulty of treatment frequently are dispropor- 
tionate to the apparent minor significance of the primary injury. The 
causative factors in these conditions are not well known. The vasomotor 
changes undoubtedly play a significant role. Most frequently there is 
hyperemia in the acute stage, followed by cyanosis, coolness and excessive 
perspiration in the chronic stage. These phenomena emphasize the extent 
of sympathetic dysfunction and suggest that the trophic and other man- 
ifestations, including the pain may be aggravated by the excessive sympa- 
thetic reflex activity This hypothesis, furthermore, is supported by the 
fact that interruption of the sympathetic pathways by surgical intervention 
or by chemical nerve blocking has in many instances resulfed in alleviation 
of the pain and improvement in associated sjrmptoms 

Causalgia —As defined by Mitchell, Morehouse and Keen (1864), who 
first described this condition in soldiers following penetrating wounds, 
causalgia is characterized by hyperalgesia of the hand or foot following an 
injurj'^ in the region of a peripheral nerve. The sensory phenomena vary 
in intensity from a trivial burning sensation to excruciating pain. The 
pain IS constant and exacerbations are brought on by the slightest physical 
or emotional stimuli. The skin in the affected area may become dry and 
scaly, but more frequently it is cold and moist Trophic changes of the 
skin are not uncommon. 

De Takats (1943) has pointed out that painful vasodilatation accom- 
panied by spreading neuralgia is a major factor in the causalgic state in 
many cases As indicated by the results of plethysmographic studies 
(Miller and de Takats, 1942), the flow of blood in the injured limb is per- 
sistently increased. Heat increases it still further in excess of the flow in 
the uninjured limb, whereas cold reduces the flow in a lesser degree m the 
injured limb than in the uninjured one The painful, throbbing character 
of this chronic vasodilatation, which is abolished by sjjonpathetic nerve 
block or by arterial compression and aggravated by venous stasis, indicates 
capillary hjqiertension, consequently, any treatment which results in 
reduction of capillary pressure and capillary dilatation should be beneficial 

He Takats has emphasized the advantage of early treatment in these 
cases In his experience early, mild cases have responded satisfactorily to 
immobilization and daily injections of a 1 per cent solution of procaine 
hydrochloride m the injured area After the neuralgia has spread beyond 
the site of the injury he advises paravertebral injections of procaine, 
repeated as the pain reappears, or sjunpathetic ganglionectomy In the 
later stages of the disease, many cases fail to respond to treatment of this 
kind If nerve blocking by paravertebral injections of procaine fails to 
lelieve the sjanptoms temporarily, according to de Takats, s\mipathectomv 
will also fail 

Relief of causalgic pain in the upper extremity following cervicothoracic 
previously been reported, particularly by Spurling 
(1935), Kwan (1935) and Homans (1940). Homans also reported a case 
in winch resection of the occluded radial artery was followed by relief of 
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paralysis of both lower exti emities caused by fracture of the second lumbar 
veitebia, subsided following bilateral lumbar sympathectomy The 
extremities of these patients were completely anesthetic to all tests for 
exteroceptn^e and proprioceptive sensibility up to the middle level of the 
thigh Patency of the sympathetic innervation of the lower extremities 
was demonstrated by' thermoregulatory'- and sweating tests. In an attempt 
to explain the sensory^ phenomena observed in the anesthetic extremities 
of these patients, Hindman and Wolkin postulated the existence of afferent 
sympathetic fibers or antidromic conduction in efferent sympathetic fibers. 

Ivuntz and Farnsworth (1931) demonstrated nerve fibers of spinal 
ganglion origin in the gray'" communicating rami which join the nerves 
which supply' the upper and lower extremities These fibers are afferent 
components of the spinal nerves through the ventral roots of which the 
pieganghomc fibers involved in the sympathetic innervation of the extrem- 
ities reach the sympathetic trunk ganglia Those which traverse the gray' 
comm imica ting rami which join the neri'es to the upper extremity' are 
components of the upper thoracic nerves, probably' including the first to 
the fifth or sixth Those which traverse the gray' communicating rami 
which join the nerves to the lower extremity' are components of the lower 
thoracic and the first and second lumbar nerves. Afferent conduction 
from the exti emities into the spinal cord through components of spinal 
nerves other than those through winch the e.xtremities receive their volun- 
tary innervation, which traverse the sympathetic trunks and communicat- 
ing rami also has been demonstrated in experimental animals (Kuntz and 
Saccomanno, 1942). 

In view of these anatomical and experimental data the sensory' phenom- 
ena in the paraly'zed, insensitive extremities of the patients referred to 
above can be explained most satisfactorily' on the assumption that the 
afferent impulses are conducted into the spinal cord through afferent 
spinal nerve components which traverse the sympathetic trunk and com- 
municating rami On the same assumption, cervicothoracic sympathec- 
tomy' combined with section of the posterior roots of the brachial plexus 
would be a more rational procedure for the relief of amputation stump 
nemalgia m the upper extremity' than either posterior root section or 
sympathectomy' alone 
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Coipoia cavernosa penis, 307 
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Cianial ganglia, 127 
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sensitivity, 436 
stimulation, 510 
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Dbcbkebkatb rigidity, 364 
Decerebiation experiments, 365 
Defecation, 246 
Dendrite, 51 
accessory, 55 
Dendritic brushes, 397 
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Drugs, action of, 112, 113, 250, 251, 332, 
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autonomic, classification of, 112, 113 
Ductus deferens, 306 
epididymis, 306 
Duodenal tonus, 264 
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Emotional behavior, 92 
disorders, 476 
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Emotionalism, 477 
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Endocrine disorders, 467 
glands, 98 

Enteric conduction, 248 
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Ephedrine, 113 
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Epilepsy, 478, 544 
Erection, 309 
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Esophagus, 216, 230, 422 
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Exanthematous infections, 486 
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Eye, functional control of, 338 
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Fallopian tubes, functional regulation of, 
320 ' 

intrinsic nerves of, 317 
Fatigue, muscular, 372 
Female sex organs, functional control of, 
319, 320 

innervation of, 314 
Fevei, 483 

Fibers, accessory, 357 
bronchoconstrictor, 201 
bronchodilatoi , 201 
pathological changes m, 400 
pencapsulai , 145 
pericellular, 145 
preganglionic, 21, 59 
teiminations of, 165, 230, 357 
vasoconstrictor, 85, 170 
vasodilator, 85, 171 
Foinix, 75 

Fiactures, healing of, 539 
Functional depression, 384 
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Gall bladder, contraction of, 263 
emptying of, 264 
nervous regulation of, 262 
pain, 262 
stasis of, 263 
stones, 440 

Ganglia, aortico-renal, 28 
autonomic, 21, 383 
primordia of, 120, 121 
structural characteristics of, 56 
caidiac 124, 142 
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Hypeihydiosis, 5-13 
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H)'pei tension, 496 
essential, 536 
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Hj'pophyseal disoideis, 470 
function, 95 
hoimones, 471 
tumois, 471 
Hypopliysectomy', 356 
Hypophysis, 71, 354, 470 
inneivation of, 354 
regulation of, 355 
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Labia, innervation of, 316 
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MeduIIiadi enal mechanism, 282 
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Nuclei, supiaoptic, 69 
vagus, dorsal motor of, 66 
Nucleus-plasma ratio, 47, 383 
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Obstruction, flaccid, 503 
spastic, 501 
Ocular functions, 338 

parasympathetic regulation of, 340 
sjTnpathetic regulation of, 338 
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Otic ganglion, 36 
Outflow, bulbar, 19 
cranial, 19 
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disorders of, 471 
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functional regulation of, 319 
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gall bladder, 433 
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gastro-intestinal, 550 
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intestinal, 430 
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renal, 433, 551 
respiratory, 417 
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testicular, 439, 441 
ulcer, 431, 439 
urinary bladder, 434, 551 
vascular, 419 
visceral, 415 
Pancreas, 103, 268, 433 
innervation of, 268 
secretory activity of, 269 
sensitmt3' of, 433 
Pancreatic islands, 271 
plexus, 31 

Paraganglia, innervation of, 281 
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I effect of drugs on, 112 
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h3'perirritabilit3' of, 453 
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j tonus, 451 

I Paras3*mpathin, 107 
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Peptic ulcer, 505 
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esophageal, 232 
gastric, 236 
intestinal, 248 
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Pharyngeal plexus, 216 
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Photoelectric pleth3'smograph, 519 
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Pigment, carotinoid, 392 
genesis of, 392 
lipoid, 47, 388 
melanotic, 47, 390 
Pigmentation, 388 
Pilocarpine, 113, 332, 344 
Pilo-erection, 327 
Pineal body, 472 

neoplasms of, 472 
Pleura, panetal, 417 
visceral, 199. 417 
Plexus, abdominal, 30 
adrenal, 31 
adventitial, 162 
antenor pidmonaiy', 192 
aortic, 32, 158 
atrial, 141 
bronchial, 194 
cardiac, 30, 125, 140 
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Renal colic, 290 
function, 285, 289 

cential legulation of, 290 
reflex regulation of, 289 
neives, 285 
pain, 433 
plexus, 284 
transposition, 286 

Respiration, chemical legulation of, 210 j 
piessoreceptive legulation of, 209 
reflex regulation of, 204 
Respiratoijf centei, 68, 204 
infection, 485 
inhibition, 204, 206 
movements, 203 
regulation of, 204 
neives, 204 
extrinsic, 192 
intrinsic, 193 
teimmations of, 194, 198 
oigans, 417 

ihythms, modified, 212 
S 3 ^stem, innervation of, 192 
tract, extiinsic neives of, 192 
intrinsic neives of, 193 
vessels, 198 
Rouget cells, 168 

S 

Salivary glands, 347 

functional legulation of, 349 
secretoiy activity of, 350, 352, 354 
paralytic, 353 
reflex, 352 
stimulation of, 349 
Schizophrenia, 478 
Sclerodeima, 533 
Secretion, adrenal, 281 
biliaiy, 259 
gastiic, 240 
intestinal, 254 
laciimal, 345 
mammary, 328 
pancreatic, 269 
renal, 289 

sahvaiy, 350, 352, 353 
sweat, 328, 332 
thyioid, 277 
Seminal vesicle, 306 
Seminiferous tubules, 306 
Sensory threshold, effects of autonomic 
neives on, 446 

Sensitization of denervated tissues, 109 
of vascular musculature, 527 
Sex oigans, 304 
female, 314 
male, 304 

inneivation of, 304 
physiology of, 307 
reflex regulation of, 309 
Sexual behavior, 92 
excitation, 313 
orgasm, 312, 323 
Sham rage, 92 
Shock phenomenon, 497 
Shrinkage of ganglion cells, 395 
Sigmoid diverticulitis, 439 
Smu-atrial node, 150 
Skeletal muscle, 357 


Skeletal muscle, fibei terminations on, 360 
tonus, 361 
Skin, 324, 485, 486 
inneivation of, 324 
tiophic regulation of, 334 
Sleep and waking state, 93 
Small intestine, 218 
Smooth muscle, 49, 82 
Sneezing, 214 
Sobbing, 214 
“Soldier’s heait,” 475 
Somnolence, 92 
Spasm, bionchial, 547 
Spastic constipation, 510 
obstiuction, 501 
paial3'^sis, 545 
paiaplegia, 546 
Speimatic cord, 306 
Sphenopalatine ganglion, 35, 129 
Sphinctei, caidiac, 233 
ileo-cohc, 243 
of Oddi, 262, 264, 265 
pupillse, 342 
pyloiic, 237 
Spints, animal, 15 
vital, 15 

Splanchnicectomy, 523 
Splanchnoperipheial autonomic balance, 
481, 484 

vasomotor balance, 483 
Spleen, capsule of, 272 
circulation of, 272 
contiaction of, 272, 273 
dilatation of, 273 
inneivation of, 271 
stimulation of, 272 
trabeculffi of, 272 
Stellate ganglion, 25, 27, 148 
Stomach, 216, 234, 423 
dilatation of, 505 
fibrosis of, 505 
sensitivity of, 423 
tonicity of, 235 
Stria terminalis, 75 
Sublingual ganglia, 129 
gland, 347 

Submaxillary ganglion, 36, 129 
Submucous ganglia, 221 
plexus, 24, 33, 221 
Substantia nigra, 390 
Su allowing, 231 
Sweat centers, 64, 329, 332 
glands, 86, 326 
inneivation of, 326 
stimulation of, cerebial, 331 
emotional, 331 
psychic, 331 
secretion, 328, 331 

Sympathetic denervation, 115, 517, 524 
peiipheral, 524 
tests foi, 525 
ganglionectomy, 516 
hyperactivity, 502 
hypoactivity, 502 
nerve block, 524 
primordia, 120 
ramisection, 516 
root, 24 
status, 454 
system, 19, 24 
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Visceral manifestations of emotional stress, 
473 

lesions, 438 

organs, sensitivity of, 417 
pain, 416, 550 
pleura, 199 
sensitivity, 415 

Viscero-cutaneous reflexes, 447 
Viscero-motor reflexes, 447 
Visceio- visceral reflexes, 510 
Volume pulse wave, 19() 


Voluntary micturition, 297 
Vomiting, mechanism of, 239 
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Waking state, 93 
Weeping, 214 
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Yaivning, 214 



